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PREFACE. 


Thb  preparation  of  a  ^^  Text-Book  of  Mineralogy "  was  undertaken  in 
1868,  by  Prof.  J.  D.  Dana,  immediately  after  the  publication  of  the  fifth 
edition  of  the  System  of  Mineralogy.  The  state  of  his  health,  however, 
early  compelled  him  to  relinquish  the  work,  and  he  was  not  able  subsequently 
to  resume  it  Finally,  after  the  lapse  of  seven  years,  the  editorship  of  the 
volume  was  placed  in  the  hands  of  the  writer,  who  has  endeavored  to  carry 
oat  the  original  plan. 

The  work  is  intended  to  meet  the  requirements  of  class  instruction.  Witli 
this  end  in  view  the  Descriptive  part  has  been  made  suboi*dinate  to  the 
more  important  subjects  embraced  under  Physical  Mineralogy. 

The  Ciystallography  is  presented  after  the  methods  of  Naumann ;  his 
system  being  most  easily  understood  by  the  beginner,  and  most  convenient 
for  giving  a  general  knowledge  of  the  principles  of  the  Science.  For  use 
in  calculations,  however,  it  is  much  less  satisfactory  than  the  method  of 
Miller,  and  a  concise  exposition  of  Miller's  System  has  accordingly  been 
added  in  the  Appendix.  The  chapter  on  the  Physical  Characters  of  Min- 
erals has  been  expanded  to  a  considerable  length,  but  not  more  than  was 
absolutely  necessary  in  order  to  make  clearly  intelligible  the  methods  of 
using  the  principles  in  the  practical  study  of  crystals.  For  a  still  fuller 
discussion  of  these  subjects  reference  may  be  made  to  the  works  of  Schrauf 
and  of  Groth,  and  for  details  in  regard  to  the  optical  characters  of  mineral 
species  to  the  Mineralogy  of  M.  DesCloizeaux. 

The  Descriptive  part  of  the  volume  is  an  abridgment  of  the  System  of 
Mineralogy,  and  to  that  work  the  student  is  referred  for  the  history  of  each 
species  and  a  complete  list  of  its  synonyms ;  for  an  enumeration  of  ol>- 
eerved  crystalline  planes,  and  their  angles ;  for  all  published  analyses ; 
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for  a  fuller  description  of  localities  and  methods  of  occnrre  ace,  and  also  foi 
an  account  of  many  species  of  uncertain  character,  not  mentioned  in  the 
following  pages.  A  considerable  number  of  changes  and  additions,  how- 
ever, have  been  made  in  the  preparation  of  the  present  work,  made  neces« 
sary  by  the  progress  in  the  Science,  and  among  these  are  included  many 
new  species.  The  chemical  formulas  are  tliose  of  modem  Chemistry.  The 
new  edition  of  Kammelsberg's  HaruJbuch  der  MiiieraZchemis  has  been 
often  used  in  the  preparation  of  the  volume,  and  frequent  references  to  him 
will  be  found  in  the  text. 

The  work  has  throughout  been  under  the  supervision  of  Prof.  Dana,  and 
all  the  proofs  have  passed  under  his  eye.  Acknowledgments  are  also  due 
to  Prof.  G.  J.  Brush  and  Pi-of.  J.  P.  Cooke  for  friendly  advice  on  many 
points. 

PREFACE  TO  THE    REVISED    EDITION. 


In  this  Revised  Edition,  the  chief  additions  are  contained  in  four  sup- 
plementary chapters,  covering  about  fifty  pages.  Of  these,  two  are  devoted 
to  descriptions  of  new  instruments  and  methods  of  research  in  Crystallog- 
raphy and  Physical  Mineralogy;  and  the  others  to  brief  descriptions  of 
the  minerals  recently  announced,  and  a  concise  statement  of  important 
new  facts  in  regard  to  the  characters  or  occurrence  of  old  species.  A 
number  of  new  figures  are  introduced  in  illustration  of  these  subjects. 
The  work  has  been  repaged ;  and  a  new  index,  much  more  complete  than 
the  former  one,  has  been  added. 

New  Haven,  January,  1888. 
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Thb  Third  Kingdom  of  Nature,  the  Inorganic,  embraces  all  species  not 
oi^nized  by  living  growth.  Unlike  a  plant  or  animal,  an  inorganic  spe- 
cies is  a  simple  chemical  compound,  possessing  unity  of  chemical  and  physi- 
cal natnre  throughout,  and  alike  in  essential  cnaracters  through  all  diversity 
of  affe  or  size. 

The  Science  of  Mineralogy  treats  of  those  inorganic  species  which  occur 
ready  formed  in  or  about  the  earth.  It  is  therefore  but  a  fragment  of  the 
Science  of  Inorganic  natnre,  and  it  owes  its  separ8.te  consideration  simply 
to  convenience. 

The  iDoiganlo  OompoundB  are  formed  by  the  same  f oroes,  and  on  the  same  prindples, 
whether  produced  in  the  laboratory  of  the  ohemist  or  in  ontdoor  nature,  and  are  strict^  no 
move  artifioial  in  one  oase  than  in  the  other.  Calcium  oarbonate  of  the  chemical  laboratory 
is  in  eyery  character  the  same  identical  substance  with  calcium  carbonate,  or  caldte,  found 
in  the  rooks,  and  in  each  ease  is  eyolved  by  nature*s  operations.  There  is  hence  nothing 
whatererin  the  character  of  mineral  species  that  entitles  them  to  oonetitute  a  separate 
division  in  the  natural  classification  of  Inorganic  species. 

The  objects  of  Mineralogy  proper  are  three-fold :  1,  to  present  the  true 
idea  of  each  species  ;  2,  to  exhibit  the  means  and  methods  of  distinguishing 
species,  which  object  is  however  partly  accomplished  in  the  former  ;  3,  to 
make  known  the  modes  of  occurrence  and  associations  of  species,  and  their 
geographical  distribution. 

In  presenting  the  science  in  this  Text  Book,  the  following  order  is 
adopted : 

L  Phtsioal  Minbralogt,  comprising  that  elementary  discussion  with 
remrd  to  the  structure  and  form,  and  the  physical  qualities  essential  to  a 
ri^t  understanding  of  mineral  species,  and  their  distinctions. 

IL  Chsmigal  and  DsrsBMiNATiyE  MiNERALOGT,  presenting  briefly  the 

Kneral  characters  of  species  considered  as  chemical  compounds,  also  giving 
3  special  metliods  of  distinguishing  species,  and  tables  constructed  for  this 
purpose.  The  latter  subject  is  preceded  by  a  few  words  on  the  use  of  the 
blow-pipe. 

in.  DssoRipnvR  MiNBBALooT,  couiprislng  the  classification  and  descrip- 
tions of  species  and  their  varieties.  The  descriptions  include  the  physical 
and  chemical  properties  of  the  most  common  and  important  of  the  mineraliii 
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with  some  account  also  of  their  association  and  geographical  distribution. 
The  rarer  species,  and  those  of  uncertain  compositiou,  are  only  very  briefly 
noticed.         * 

BeddoB  the  above,  there  is  ako  the  department  of  Economic  Minei  alogp,  which  is  not  here 
ixLoladed.  It  treats  of  the  nses  of  minerals,  (1)  as  ores;  (2)  in  jewelry ;  and  (8)  in  the  coarser 
arts. 

The  following  subjects  connected  with  minerals  properly  x>ertain  to  Gkology :  1,  lAtJujih- 
fficai  geohfff^  or  LUhology^  which  treats  of  minerals  as  oonstitaents  of  rooks.  2,  ChemuxU 
ffeolooy,  whuh  considers  in  one  of  its  subdivisions  the  origin  of  minerals,  as  determined,  in 
the  Ugkt  of  chcrmatrjfj  by  the  associations  of  species,  the  aJterations  which  species  are  liable 
to,  or  which  they  are  known  to  have  undergone,  and  the  g^eneral  nature,  origrin,  and  changes 
of  the  earth's  rook  formations.  Under  ohemical  g^eology,  the  department  which  considers 
especially  the  associations  of  species,  and  the  order  of  suooession  in  such  associationB,  has 
Eeoeived  the  special  name  of  the  paragcnesU  of  minerals ;  while  the  origin  of  minerals  or 
rootai  through  alteration,  is  called  metamorpfuam  or  picudomorphiam^  the  latter  term  being 
festricted  to  those  oases  in  which  the  ctystalliue  form,  and  sometimes  also  the  dleavage,  oi 
a  mineral  Isxetained  ttfter  the  change. 
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ABBREVIATIONS. 

For  abbreviations  of  the  names  of  Mineralogical  works,  of  Journals,  publications  ol 
Scientific  Societies,  etc.,  see  System  Min.,  5th  ed.,  pp.  xxxv.-xlv.,  App.  III.,  p.  viii. 
The  following  abbreviations  are  used  in  the  Descnption  of  Species. 

B.B.  Before  the  Blowpipe  (p.  210).  Obs-  Observations  on  occurrence,  etc. 

Oomp.  Composition.  O.F.  Oxidizing  Flame  (p.  204). 

Di£  Differences,  or  distinctive  characters.  Pyr.         Pyrognostics. 

G.  Specific  Gravity.  Q.  Ratio.  Quantivalent  Ratio  (p.  198). 

Germ.  German.  R.F.         Reducing  Flame  (p.  204). 

H.  Hardness.  Var.         Varieties. 

An  asterisk  (*),  appended  to  the  name  of  a  mineral  species  in  the  Descriptive  part  of  th's 
work,  indicates  that  additional  facts  in  regard  to  it  are  mentioned  in  the  Supplementary 
Chapter,  pp.  420  to  440. 


FA-RT   I. 


PHYSICAL   MI1S7ERAL0GY. 


Tub  grand  departments  of  the  science  here  considered  are  the  following: 
1.  Stbuctube.— Structure  in  Inorganic  nature  is  a  result  of  mathemati- 
cal symmetry  in  the  action  of  cohesive  attraction.  The  forms  prodaced 
are  r^nlar  solids  called  (sryatals  /  whence  morphology  is,  in  the  inorganic 
kin^om,  called  obybtallology.  It  is  the  science  of  structure  in  this  king- 
dom of  nature. 

2.  Fhysioal  pbopebtibs  of  Minerals,  or  those  depending  on  relations  to 
light,  heat,  electricity,  magnetism  ;  on  differences  as  to  density  or  specific 
gi'avity,  hardness,  taste,  odor,  etc. 

Orystallology  is  naturally  divided  into,  I.  Obystallography,  which  treats 
of  the  forms  resulting  from  crystallization ;  IL  Cbystallogbny,  which  de- 
scribee the  methods  of  making  crystals,  and  discusses  the  theories  of  their 
origin.    Only  the  former  of  these  two  subjects  is  treated  of  in  this  work 


SECTION  L 

CRYSTALLOGRAPHY, 

CrvBtallography  embraces  the  consideration  of — (1)  normally  formed  or 
regular  crystals ;  (2)  twin  or  compound  crystals ;  (3)  the  irregularities  of 
crystals  ;  (4)  crystalline  aggregates ;  and  (5)  pseudomorphous  crystals. 

1.  Gbnbbal  Chabaotebs  of  Cbystals. 

(1)  External  form, — Crystals  are  bounded  by  plane  surfaces^ 
called  simply  planes  or  faces,  symmetrically  arranged  in  refer- 
ence to  one  or  more  diametral  lines  called  axes.  In  the  an- 
nexed figure  the  planes  1  and  the  planes  i  are  symmetrically 
arranged  with  reference  to  the  vertical  axis  c  c  ;  and  also  the 
planes  of  each  kind  vrith  reference  to  the  three  transverse  axes. 

(2)  Constancy  ofar^le  in  the  same  species. — The  crystal «  of 
any  species  are  essentially  constant  in  the  angle  of  inclinalio:i 
between  like  planes.    The  angle  between  1  and  t,  in  a  given 
Bpecies,  is  always  essentially  the  same,  wherever  the  crystal  is  found,  and 
whether  a  product  of  nature  or  of  the  laboratory. 
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(8J  Difference  of  angle  of  different  species. — The  crystals  of  different 
spet^ies  coaimonly  differ  in  angles  between  corresponding  planes.  The 
angles  of  cryBtnls  are  conBeqnently  a  means  of  distiiigiiiBhing  ppeities. 

(4)  Diversity  of  planes. — While  in  the  tirystals  of  a  given  species  there 
»  consraney  of  angle  between  like  planee,  the  forms  of  the  crystals  may  be 
exceedingly  diverse.     The  accompanying  figures  are  examples  of  a  few  of 


the  forms  of  the  species  zircon.  There  is  hardly  any  limit  to  the  nnmber  of 
forma  which  may  occnr  ;  yet  for  each  the  angles  between  like  planes  are 
essentially  constant 

CijBtala  ooonr  of  nil  stiea,  from  the  merest  microBOOpio  point  to  a  j*xtl  at  mon  in  diame- 
ter. A  amgle  orfBtal  of  qnuti,  now  at  Uilaa,  is  three  and  k  quarter  feet  long,  and  Qto  and  a 
ball  in  oiKinmfereiice  ;  and  its  vei^bt  ia  eatioutted  M  eight  hundred  and  eeTenlj  poonds. 
A  single  cavity  in  a  vein  of  quartz  near  the  Tiefea  Glacier,  in  Switzerland,  diooovered  in 
1807,  haa  afforded  imokf  qaartz  ciTBCaU  weighing  ia  the  a^reeHite  abont  20,000  potmds  ;  a 
considerable  number  of  the  aingls  dTstala  having  a  weight  of  200  to  S&O  poniidB,  or  even 
more.  One  of  the  gigantic  beryls  from  Aoworth.  Ilew  Eampahire,  meaaares  fonr  feet  in 
length,  and  two  and  a  half  in  oiroiimferenoe;  and  another,  at  Oratton,  is  over  fonifeet  long, 
and  thirty-two  inches  in  one  of  its  diameiers,  and  does  not  weigh  less  than  tvro  and  a  half 
tons.  Bat  the  highest  perfecCioa  of  form  and  tiansparenoy  sie  found  only  in  oiystals  of 
■mail  size. 

Jn  its  original  signification  tha  term  ery*tal  was  applied  only  to  erystala  of  qnarti  ((.  1), 
which  the  anolent  philosophers  believed  to  be  watv  congealed  by  intense  cold.    Hence  the 


(5)  Symmetry  in  the  position  of  planes. — The  planes  on  the  crystals 
of  any  species,  however  numerous,  are  arranged  in  accordance  with  certain 
laws  of  symmetry  and  numerical  ratio.  If  one  of  the  simpler  forms  be 
taken  as  a  primary  or  fuvdamental  fo^-m.,  all  other  planes  will  be  secondary 

S lanes,  or  modifications  of  the  fundamental  form.  It  should  be  observed, 
owever,  that  the  forms  called  primary  and  fundamental  in  crystallograpblc 
description,  are  in  general  merely  so  by  asstimption  and  for  convenience 
of  reference.   (See  also  p.  12.) 

Oleavage. — Besides  external  symmetrv  of  fonn,  crjstall  zation  produces 
also  r^ularity  of  internal  structuie,  ana  often  of  fracture.  This  regular- 
ity of  fracture,  or  tendency  to  break  or  cleave  along  certain  planes,  is  called 
eieavage.  The  snrface  afforded  by  cleavage  is  often  smooth  and  brilliant. 
The  directions  of  cleavage  are  those  of  least  cohesive  force  in  a  crystal ;  it 
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(8  not  to  be  underetood  that  the  cleavage  lamellsB  are  in  abj  sense  present 
before  they  are  made  to  appear  by  fracture. 

In  regard  to  cleavage,  two  principles  may  be  here  stated  : — {a)  In  any 
species,  the  direction  in  which  cleavage  takes  place  is  always  parallel  to 
some  plane  which  either  actually  occurs  in  the  crystals  or  may  exist  there 
in  accordance  with  the  general  laws  which  will  be  stated  hereafter, 

(i)  Cleavage  is  nniform  as  to  ease  parallel  to  all  like  planes  ;  tJiat  is,  if 
it  may  be  obtained  parallel  to  one  plane  of  a  kind  (as  1,  x.  1),  it  may  be  ob- 
tained with  equal  facility  parallel  to  each  of  the  otlier  planes  1 ;  and  will 
afford  planes  of  like  lustre.  This  is  in  accordance  with  the  symmetry  of 
crystallization.  It  will  be  evident  from  this  that  the  angles  between  planes 
of  like  cleavage  will  be  constant :  thus,  a  mass  of  calcite  under  the  blow  of 
a  hammer  will  separate  into  countless  rhombohedrons,  each  of  which  affords 
on  measurement  the  angles  74^  55'  and  105^  5^  In  a  shapeless  mass  of 
marble  the  minute  grains  have  the  same  regularity  of  cleavage  structure. 
Seefurtlier,  p.  119. 

2.  Desobiptions  of  some  of  the  simpler  fobms  of  Crystals. 

Preliminary  Definitions.  Angles, — In  the  descriptions  of  crystals  three 
kinds  of  angles  may  come  under  consideration,  aoltd^plane^  and  mterfor 
eial.   The  last  are  the  inclinations  between  the  faces  or  planes  of  crystals. 

Axes. — The  orystaJlogramhiG  aaoes  are  imaginary  lines  passing  through 
the  centre  of  a  crystal.  They  are  assumed  as  axes  in  order  to  describe,  by 
reference  to  them,  the  i*elative  positions  of  the  different  planes.  One  of 
the  axes  is  called  the  vertical, and  the  others  the  lateral:  the  number  of 
lateral  axes  is  either  two  or  three.  The  axes  have  essentially  the  same  re* 
lative  lengths  in  all  the  crystals  of  a  species ;  but  those  of  different  species 
often  differ  widely. 

Diametral  planes. — ^The  planes  in  which  any  two  axes  lie  are  called  the 
axial  or  diametral  planes  or  sections;  they  are  the  coardinate  planes  of  an- 
alytical ffeometry.  They  divide  the  space  about  the  centre  into  sectants; 
into  eigM  sectants,  called  octants ,  if  there  are  but  two  lateral  axes,  as  is 
generally  the  case  ;  but  into  twelve  sectants  if  there  are  three,  as  in  hexa- 
gonal crystalline  forms. 

IHagonal  planes  are  either  diagonal  to  the  three  axes,  as  those  through 
the  centre  connecting  diagonallv  opposite  solid  angles  of  a  cube,  oi  diag- 
onal to  two  axes,  and  passing  through  the  third,  as  those  connecting  diag- 
onally opposite  edges  of  the  cube. 

Simitar  planes  and  edges  are  such  as  are  similar  in  position,  and  of  like 
angles  with  reference  to  the  axes  or  axial  planes.  Moreover,  in  the  case  of 
similar  edges,  the  two  planes  by  whose  intersection  the  edges  are  formed, 
meet  at  the  same  an^le  of  inclination.  For  example,  all  the  planes  and 
edges  of  the  tetrahedron  (f.  9),  regular  octahedron  (f.  11),  cube  (f.  14), 
rhombic  dodecahedron  (f.  19),  are  similar.  In  the  rhombohedron  (f,  16) 
there  are  two  sets  of  similar  edges,  six  being  obtuse  and  six  acute. 

Solid  cmgles  are  similar  when  alike  in  plane  angles  each  for  each,  and 
when  formed  by  the  meeting  of  planes  of  the  same Idud. 

A  eomMnation-edge  is  the  edge  formed  by  the  meeting  or  intersectioQ  of 
two  planes. 
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Trun<kitio7i8,  hevdmenta. — In  a  crystal,  an  edge  or  angle  is  said  to  be  ro- 
placed  when  the  place  of  the  edge  or  angle  is  occupied  bj  one  or  more 
planes ;  and  in  the  case  of  the  replacement  of  an  edge,  the  replacing 
planes  make  parallel  intersections  with  the  including  planes,  that  is,  witn 
the  direction  of  the  replaced  edge  (f.  43). 

A  replacement  of  an  edge  or  angle  is  a  truncation  when  the  replacing 
plane  makes  equal  angles  with  the  including  planes.  Thus,  in  f.  6,  i-t 
truncates  the  edge  between  /  and  I, 

An  edge  is  said  to  be  bevelled  when  it  is  replaced  by  two  similar  planes, 
that  is,  by  planes  having  like  inclinations  to  the  adjoining  planes.  Thus, 
in  f.  5,  tlie  edge  between  3, 3,  is  bevelled  by  the  two  planes  3-3, 3-3,  the  rieht 
3-3  and  3  having  the  same  mutual  inclination  as  the  left  3-3  and  3.  So, 
in  f.  192,  p.  43,  the  edge  between  /and  /  is  bevelled  by  the  planes  i-2,  i-2. 
Truncations  and  bevelments  of  edges  take  place  only  between  similar 
planes.  Thus  /,  /,  and  3, 3,  are  similar  planes  in  fig.  6.  The  edge  i|t  might 
be  truncated  or  bevelled^  for  the  same  reason  ;  but  not  the  edge  between  1 
and  /,  since  1  and  /  are  dissimilar  planes. 

A  zone  is  a  series  of  planes  in  wnich  the  combination-edges  or  mutual 
intersections  SLve parallel.  Thus,  in  fig.  3, the  planes  1,  3,  /make  a  vertical 
zone;  so  in  f.  8,  the  planes  between  1  and  i^i  make  a  zone,  and  this  zone 
actually  continues  above  and  below,  around  the  crystal ;  in  f.  5,  the  planes 
3,  3-3,  3-3, 3  are  in  one  zone ;  and  i-i,  ij  i-i,  /,  in  another.  On  the  true 
meaning  of  zones,  see  p.  53. 

The  above  explanations  are  preliminary  to  the  descriptions  of  the  forms 
of  all  cry*^tals. 

A.  —  Forms  contained  under  four 
®  ^^  EQUAL  TRIANGULAR  PLANES. — A.  Regu- 

lar tetrahedron  (f .  9).   Edges  six ;  solid 
angles  four.    Faces   equilateral  trian- 

fles,  and  plane  angles  therefore  60°. 
nterf acial  angles  70°  31'  44''.  Named 
from  T€T/)a^*9,  four  tifnes,  and  iSpOy 
face. 

2.  Sphenoid  (f .  10).  Faces  isosceles  triangles,  not  equilateral.  Plane  and 
interfacial  angles  varying ;  the  latter  of  two  kinds,  (a)  two  terminal,  (J)  four 
lateral.    Named  from  cr^i/,  a  wedge. 

B. — ^FORMS    CONTAINED    UNDER    EIGHT    TRIANGULAR    PLANES. — The    Solids 

here  included  are  called  octahedrons^  from  ^irra/ct?,  eigM  tim£S^  and  ^pOj 
face.  They  have  twelve  edges ;  and  six  solid  angles.  One  of  the  axes, 
when  they  differ  in  length,  is  made  the  vertical  axis ;  and  the  othera  are 
the  lateral  axes.  The  solid  angles  at  tlie  extremities  of  the  vertical  axes  are 
the  vertical  or  terminal  solid  angles ;  the  other  four  are  the  lateral.  The 
four  edges  meeting  in  the  apex  of  the  teinninal  solid  angle  are  tlie  teiminal 
edges ;  the  others,  the  lateral  or  basal  edges. 

1.  liegvla/r  Octahedron  {f. 11).  Faces  equilateral  triangles.  Interfacial 
angles  109°  28'  16" ;  angle  between  the  planes  over  the  apex  of  a  solid 
angle  70®  31'  44" ;  angle  between  edges  over  a  solid  angle  90"*.  The  three 
axes  are  equal,  and  hence  either  may  be  made  the  vertical.  Lines  connect- 
iiA^  the  cent'*es  of  opposite  &ce8  aix^  called  the  octahedral  or  trigo^iai  inter- 
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tata  ;  and  those  connecting  the  centres  of  opposite  edges  the  (fcx^foiA^^dl 
or  rfiomMe  interateea. 

2.  Square  Octahedron  (f.  12,  f.  12a).  Faces  equal  isosceles  triangles, 
not  eqnilateral.  The  four  terminal  edges  are  equal  and  similar;  and  sc 
aUo  the  four  lateral. 


The  lateral  axes  are  e^ital ;  the  vertical  axis  may  be  longer  or  shorter 
than  the  lateral. 

3.  The  rhornMo  octahedron  (f.  13)  differs  from  the  sqnare  octaliedron  in 
having  a  rhombic  base,  and  consequently  the  three  axes  are  unequal.  The 
baeal  edges  are  equal  and  similar  ;  but,  owing  to  the  nnequal  lengths  of 
the  lateral  axes,  the  terminal  edges  are  of  two  kinds,  two  being  shorter 
and  more  obtuse  than  the  other  two. 

C, — Forms  contained  truBUH  six  eqdal  planes. — The  forms  here  in- 
claded  have  the  planes  parallelograms  ;  the  edges  are  twelve  in  number 
«nd  eqaal ;  the  solid  angles  eight. 

1.  Otdie  (f .  14).  Faces  equal  eqnaree,  and  plane  angles  therefore  90°. 
The  twelve  edges  similar  as  well  af>  equal;  the  eight  solid  angles  similar  and 
equal.  Intermcial  angles  90°.  The  three  axes  equal  and  intersecting  at 
right  angles. 

Xines  connecting  the  apices  of  the  solid  angles  are  the  octahedral  or  tri- 
gonal interaxes,  aiid  those  connectiiia  the  centres  of  opposite  edges  the 
dodecahedral  orrhombic  interaaes.  If  tlie  cubic  axis  (=edge  of  the  cube) 
=1,  then  the  dodecahedral  interaxes  =  V^  =1.41421 ;  and  the  octahedral 
interazes  =  ^Z  =  1.73205.  And  if  the  dodecahedral  axis  =:  1,  tlien  the 
octahedral  =  1.224745. 


H  »  anba  !■  plaoed  with  tii«  ftp«x  of  one  angle  vertieall;  over  that  diagotutlly  opposite,  thai 
^  with  an  ootohedral  inteiaxii  vertical,  the  parts  are  all  nmmetricallf  aiTaiifred  aroand 
ttih  TMtioal  aiiB.  In  this  poaitlon  (f.  IS)  the  cube  hu  three  pknes  inclined  toward  one  apex, 
•nd  three  toward  the  other  ;  it  hoa  three  ttrminal  ed^a  meeting  at  each  apex  ;  and  all  lat«- 
M{  wlee*  aitnated  iTm metrically,  bnt  in  a  aigug,  aronnd  the  vertical  aiin.  It  Unes  aia 
dnwn  connecting  the  centre*  of  tJie  opposite  laterid  e<^a,  and  these  are  taken  oe  the  latend 
azea,  thq  lateral  axes,  three  in  nnmber,  will  lie  in  a  plane  at  right  anglea  to  the  vertioal,  and 
will  inboaect  at  the  centre  at  angles  of  nO°.  The  oabe  placed  in  tbii  position  wonld  then  hare 
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2.  lihombohedron  {£.  16  to  18).  Faces  equal  ihomba.  The  twelve  edgei 
of  two  kinds ;  six  obtuse,  and  six  acute.  Solid  angles  of  two  kinds  ;  two 
symmetriual,  consisting  each  of  three  equal  plane  angles ;  the  other  aix  un 
Bjmmetrical,  the  plane  angles  enclosing  them  being  of  two  kinds. 

The  rhombohedron  resembles  a  cube  that  has  been  either  shortened,  ot 
len^hened,  in  the  direction  of  one  of  tho  octahedral  axea,  the  former  mak- 
ina  an  obtuse  vhornbohedron,  the  latter  an  acute;  and  it  is  in  position  when 
th]b  axis  is  ^-ertical,  the  parts  being  situated  symmetrically  about  this  axis, 
as  in  the  second  position  of  the  cube  above  described.  In  an  obtuse  rhom- 
bohedron  {f .  16, 17),  the  terminal  solid  angles  are  bounded  by  three  obtuse 
plane  angles,  and  the  other  six,  which  are  the  lateral,  by  two  acute  and  one 
obtuse ;  the  six  tt^rminal  edges  (three  meeting  at  each  apex)  are  obtuse,  and 
the  six  lateral  edges  are  acute.  Conversely,  in  an  acute  rhorabohedron  (f. 
18)  the  tei-minal  angles  are  made  up  of  acute  plane  angles,  and  the  lateral 
of  two  obtuse  and  one  acute ;  the  six  teiTninal  edges  ai-e  acute,  and  the  six 
lateral  ol)tiiBe.  The  axes  are  a  vertical,  and  three  lateral ;  the  lateral  axes 
connect  the  centres  of  opposite  lateral  edges  and  intersect  at  angles  of  60". 

The  cube  in  the  second  position  (f.  15)  corresponds  to  a  rhombohedroa 
of  dO^or  is  intermediate  between  tlie  obtuse  and  the  acute  series. 

D. — FOBMS    OONTAINKD    DNDKB   TWELVE   EQUAL    PLANES.      1. 

19  BhoniMo   Dodecahedron  {f.  19).     Faces  rhombs,  with  the 

piano  angles  109°  28'  16",  70°  31'  44".     Edges  twenty-fonr, 
all  similar;   interfacial  angle  over  each  edge  120°.     Solid 
angles  of  two  kinds :  (a)  six  acute  tetrahedral,  being  fonneil . 
of  four  acute  plane  angles;  and   (&)  eight  obtuse  trihedral, 
being  formed  of  three  obtuse  plane  angles.     Angle  between 
planesoverapexoftetrahedial  solid  angle,  90°;  angle  between 
edges  over  tne  same  109°  38'  16".     The  axes  tEree,  equal, 
rectangular,  and  thei'efore  identical  with  those  of  the  regular  octahedron 
and  cube.     The  dodecahedral  interaxes  connect  the  centres  of  opposite 
faces  ;  and  the  octahedral  the  apices  of  the  trihedral  solid  angles,    fiamcd 
from  StoBexa^  twelve,  and  ISpa,  face. 
20  2.  Pyramidal  dodecahedron,  or   Quarfzoid.     (Called 

also   Dihexagonal    Pyramid,    Isosceles    Dodecahedron.) 
Faces  isosceles  triangles,  and  arranged  in  two  pyramids 
placed  base  to  base  (t.  20).     Edges  of  two  kinds:   twelve 
e(\^tL\.  terminal,  and  six  equal  basal;  axes,  a  vertical  differ- 
ing in  lengtli  in  different  species;  and  three  lateral,  equal, 
situated  in  a  plane  at  right  angles  to  the  vertical,  and  in- 
tersecting one  another  at  angles  of  60°,  aa  in  the  rhoinbo- 
hedron. 
E. — Prisms. — ^Prismatic  forms  consist  of  at  least  two  seta 
of  planes,  the  basal  planes  being  unlike  the  lateral.     The  bases  are  always 
equal ;  and  the  lateral  planes  parallelograms.     The  vertical  axis  is  unequal 
to  the  lateral,     {a)   Three-aided  prism.    A  right  (or  erect)  prism,  havinj; 
its  bases  equal  equilateral  triangles.    (6)    Four-sided  prisms.     Four-sided 
prisms  are  cither  right  (erect),  or  oblique,  the  former  having  the  vortical  axil 
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at  right  angles  to  the  base  or  to  the  plane  of  the  lateral  axes,  and  the  lattoi 

1.  Square  or  Tetragonal  Prism  (f.  21,  22V    Base  a  square  ;  lateral 

E lanes  equal.  Edges  of  two  kinds  :  {a)  eight  basal,  equal,  each  contained 
etween  the  base  and  a  lateral  plane ;  {b)  four  lateral,  contained  between  the 
equal  lateral  planes.  Interfacial  angles  all  90'',  plane  angles  90®.  Solid 
angles  eight,  of  one  kind.  Axes  :  a  vertical,  difEennff  in  length  in  different 
species,  and  longer  or  shorter  than  the  lateral ;  two  lateral,  equal,  at  right 
angles  to  one  another  and  to  the  vertical,  and  connecting  either  the  centres 
of  opposite  lateral  planes  (f.  21)  or  edges  (f.  22).  The  cube  is  a  square 
prism  ^vith  the  vertical  axis  equal  to  the  lateral. 
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2.  Might  Rhomhie  Prism  (f.  23).  Base  a  rhomb  ;  lateral  planes  equal 
parallelo^ams.  Edges  of  three  kinds  :  (a)  eight  basal,  equal,  and  rectan- 
gular as  in  the  preceding  form  ;  (5)  two  lateral,  obtuse;  and  (<?)  two  lateral, 
acute.  Solid  angles  of  two  kinds  :  (a)  obtuse  at  the  extremities  of  the  ob 
tuse  edge,  and  {p\  acute  at  the  extremities  of  the  acute  edge.  Axes  rect- 
angular, unequal ;  a  vertical ;  a  longer  lateral,  the  mac7*odiagonal  axis 
(named  from  fioKpo^^  large\  and  a  shorter  lateral,  the  hrachydiagonaZ  axis 
(named  from  Ppa^v^y  short). 

3.  Right  Rectangular  Prism  (f.  24).  Base  a  rectangle,  and  in  conse- 
qnence  of  its  unequal  sides,  two  opposite  lateral  planes  of  the  prism  are 
broader  than  the  other  two.  Edges  all  rectangular,  but  of  three  kinds : 
(a)  four  longer  basal ;  (J)  four  shorter  basal  ;  (p)  four  lateral.  Axes  con- 
necting the  centres  of  opposite  faces,  rectangular,  unequal ;  a  vertical,  a 
macrodiagonal,  and  a  brachydiagonal,  being  like  those  or  the  right  rhom- 
bic prism.  In  the  rectangular  prism,  either  of  the  faces  may  be  made  the 
basal,  and  either  axis,  consequently,  the  vertical. 

4.  Oblique  Prisms,  Figs.  25  and  26  represent  prisms  obh'que  in  the 
direction  of  one  axis.  As  seen  in  them,  the  vertical  axis  c  is  oblique  to  the 
lateral  axis  dy  called  the  elinodiaqonal  axis  ;  but  &,  the  orthodiagonal  axis, 
is  at  right  angles  to  both  c  and  a.  Similarly,  the  axial  sections  o5,  ha  are 
matualfy  oblique  in  their  inclinations,  while  ca^  cb  and  ca,  ba  are  at  right 
angles.  The  clinodiagonal  section  ca  is  called  the  section  or  plane  of  sym- 
metry. 

The  form  in  f.  25  is  sometimes  called  an  oblique  rhomhie  prism.  The 
edges  are  of  two  kinds  as  to  length,  but  of  four  kinds  as  to  interracial  angles 
over  them :  (a^  four  basal  obtuse ;  (6)  four  basal  acute  ;  (o)  two  lateral  ob- 
tuse :  {d)  two  lateral  acute.  The  prism  is  in  position  when  placed  with  the 
tiAnodtagonal  section  vertical. 

Fiffs.  27  and  28  show  the  doubly  oblique,  or  oblique  rhomhoidal  prism, 
in  wnich  all  the  axes,  and  hence  all  the  axial  sections,  are  oblique  to  each 
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Other.    All  these  cases  will  receive  further  attention  in  the  description  ol 
actual  crystalline  forms. 
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The  prisms  (in  f.  21,  24,  26,  28)  in  which  the  planes  are  parallel  to  the 
three  diametral  sections,  ara  sometimes  called  diametral  prisms.  This 
term  also  evidently  inclndes  the  cube.  The  planes  whicn  form  these 
diametral  prisms  are  often  called  jpinacoids.  The  terminal  plane  is  Uie 
basal  pinacoid,  or  simply  base ;  also,  in  f .  24  the  plane  (lettered  i-i)  parallel 
to  the  macrodiagonal  section  is  called  the  macrqpznacoidy  and  the  plane  (i-l) 
parallel  to  the  brachydiagonal  the  hrachypiiiacoid.  In  f .  26  the  plane  {i-i) 
parallel  the  to  orthodiagonal  section  is  called  the  orthopinacoia^  and  the 
plane  {iA)  parallel  to  the  clinodiagonal  section  the  dinopinoGoid.  The 
word  pinacoid  is  from  the  Greek  TrSof,  a  board, 

(c).  Six-siDKD  P&isM. — The  Hexagonal  prism. 

Base  an   equilateral  hexagon.    Edges  of  two 

kinds:  {a)  twelve  basal, equal  and  similar,  (b)  six 

lateral,  equal  and  similar ;    inteirfacial    an^le 

^   |fe  over  the  former  90°,  over  the  latter  120°.     Solid 

p«   T  angles,  twelve,  similar.    Axes:   a   vertical,  of 

J J    different  length  in  different  species ;  three  late- 

— -*^    ral  equal,  intei-secting  at  angles  of  60^,  as  in  the 
rhombohedron,  and  the  dihexagonal  pyramid  oi 

?[uartzoid,  connecting  the  centres  either  of  the  latei*al  edges  (f .  29),  or  lateral 
aces  (f  .  30). 

3.  Systems  of  Gbtstallization. 

The  systems  of  crystallization  are  based  on  the  mathematical  relations  of 
the  forms  ;  the  axes  are  lines  assumed  in  order  to  exhibit  these  relations, 
they  mark  tlie  degree  of  symmetry  which  belongs  to  each  gi'oup  of  forms, 
and  which  is  in  fact  the  fundamental  distinction  between  them.  The  num- 
ber of  axes,  as  has  been  stated,  is  either  three  or  four — the  number  being 
four  when  there  are  three  lateral  axes,  as  occurs  only  in  hexagonal  forms. 

Among  the  forms  with  three  axes,  all  possible  conditions  oithe  axes  exist 
both  as  to  relative  lengths  and  inclinations ;  that  is,  there  are  (as  has  been 
exemplified  in  the  forms  which  have  been  described),  (A)  among  ortho* 
metric  kinds,  or  those  with  rectangular  axial  intersections ;  {a)  the  three 
axes  equal ;  (b)  two  equal,  and  the  other  longer  or  shorter  than  the  two ;  (c) 
the  three  unequal ;  and  (B)  among  clinometric  kinds,  one  or  more  of  the 
intersections  may  be  oblique  (in  all  of  these  the  three  axes  are  unequal)i 
The  systems  are  then  as  follows : 

A.  Axes  three ;  orthometric. 

1.  IsoMETRio  System. — Axes  equa\  Examples,  cube,  regular  octaha 
dron,  rhombic  dodecahedron 
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S.  Tetragonal  System. — Lateral  axes  equal ;  the  veiijcal  a  Taryingaxis 
Ex.,  square  prism,  square  octahedron* 

8.  Oktiiobhombig  Systebl — Axes  unequal.  Ex.,  right  rhombic  prism, 
rectangular  prism,  rhombic  octahedron. 

B.  Axes  three ;  clinometric.   » 

1.  MoNooLiNio  System. — Axes  unequal ;  one  of  the  axial  intersection 
oblique,  the  other  two  rectangular.    Ex.,  the  oblique  prisms  (f.  25,  26). 

2.  Tbiolinio  System. — Axes  unequal ;  three  of  tne  axial  intersections  ob- 
lique.   Ex.,  oblique  rhomboidal  prism  (f .  27, 28). 

C.  Axes  four. — Hexagonal  System. — ^Three  lateral  axes  equal,  intersec^ 
ing  at  angles  of  60°.  The  vertical  axis  of  variable  length.  Example, 
hexagonal  prisms  (f .  29,  30). 

The  80-called  Didmio  ^^stem  (two  obUque  axes)  is  not  known  to  oocnr,  for  the  single  sab 
stance,  an  artificial  salt,  supposed  to  orystaUize  in  this  system  has  been  shown  by  von  Zephft- 
roTioh  to  be  triclinia    Moreorer,  von  Lang,  Quenstedt,  and  others  ha^e  shown  mathemati* 
cally  that  there  can  be  only  six  distinct  systemsL 

The  six  systems  may  also  be  arranged  in  the  following  groups : 

1.  laoTnetrio  (from  ?0-o9,  equals  and /i^rpoi/,  measure)^  the  axes  being  all 
equal ;  including :  I.  Isombtbig  System. 

2.  isodiametriCj  the  lateral  axes  or  diameters  being  equal;  including: 
II.  Tetragonal  System  ;  III.  Hf.xagonal  System. 

3.  Aniaometrio  (from  &vuto^^  uneq'ual^  etc.),  the  axes  being  nnequal ;  in- 
cluding: IV.  Obthobhombio  System;  V.  Monoolinio  System  ;  vl.  Tbi- 
cLiNio  System. 

A  further  study  of  these  different  systems  will  show  that  in  gi*oup  1 
the  crystals  are  formed  or  developed  alike  in  all  three  axial  directions;  in 

f:roup  2  the  development  is  alike  in  the  several  lateral  directions,  but  un* 
ike  vertically ;  and  in  group  3  the  crystals  are  formed  unlike  in  all  three 
directions.  These  distinctions  are  of  the  highest  importance  in  relation  to 
tibe  physical  characters  of  minerals,  especially  their  optical  properties,  and 
are  often  referred  to  beyond. 

The  numbeis  (in  Roman  nnmerals)  here  connected  with  the  names  of  the  fQrstem  axe  often 
naed  in  place  of  the  names  in  the  course  of  this  Treatise. 
The  systems  of  crystaUlxation  have  been  Tarionsly  named  by  different  authors,  as  f  oUows : 

1.  IsoMSTRiG.  Tensular  of  Mohs  and  Haidinger ;  Iwmetrie  of  Hausmann ;  Tssaeral  of  Neu- 
mann ;  BeguUir  of  Weiss  and  Rose ;  Cuhio  of  Dufrenoy,  Miller,  DesGloieeanx;  Monometrio  of 
the  earlier  editions  of  Oana^s  System  of  Mineralogy. 

2.  Tbtragonal.  Pyramidal  of  Mohs ;  Viergliedriere,  or  Zwei-und-dnatdge^  of  Weiss: 
Tetragonal  of  Naumann  ;  Monodimetric  of  Hausmann  ;  QaadraUG  of  Ton  KobeU ;  Dimetrio  of 
eari^  editions  of  Bana^s  System. 

3.  Hkxaookal.  B/ufmbohedral  of  Mohs ;  Sechsgliedrige,  or  Drei^fuMnaxige  of  Weiss; 
ffexagonal  of  Naumann  [Moriotntnetrie  of  Hausmann. 

4.  Obthobhoicbio.  J^rismatio,  or  Orthotype^  of  Mohs;  Bin-und-eimaxige  of  Weiss; 
Bktnnbic  and  ArUsomeiric  of  Naumann ;  Trimetric  and  Ortharhombie  of  Hausmann ;  Trimei' 
rie  of  earUer  editions  of  Dana's  System. 

5.  MoNOCLraic.  Semipnsmatic  and  Memhrthotype  of  Mohs;  Zwei-und-dngUederige  d 
Weiss :  MemoMufhrdral  of  Naumann ;  CUnorhombio  of  v.  Kobell,  Hausmann,  Des  Cloicoauz; 
Augittc  of  Ebiidinger ;  ObUque  of  Miller:  Montmymmetrio  of  Gioth. 

8.  TftiGLtKio.  Tetarto-jmimatieotMohM]  JEXn-und-eingUedmigeotYfeim;  Trieiirwkedral 
of  Naumann ;  OUnorhomboidal  of  y.  Kobdl ;  Anarihie  of  Haidinger  and  Miller ;  Anarthie^  m 
Dmtbip  ObUque^  of  Dea  Cloiieaux ;  AtiymtM^iCf  of  Groth. 
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4.  Laws  with  keferenob  to  the  planes  ob  Cbystalo. 

The  laws  with  reference  to  the  positions  of  the  planes  of  crystals  are  two: 
first,  the  la/u)  of  simple  mathemattcal  ratio;  &econd\y,thelaw  of  symmetry 

t.  The  Law  of  bdcflb  BCathehatioal  Batio. 

The  crystallographic  axes  afford  the  means,  after  the  methods  o^  analyti- 
cal geometry,  of  expressing  with  precision  the  relative  positions  of  the 
planes  of  crystals,  and  so  exhibiting  the  mathematical  ratios  pertaining  to 
crystallization.  These  axes,  as  has  been  stated,  are  supposed  to  pass  tliroagh 
the  centre  of  the  crystal,  and  every  plane  must  intersect  one,  two,  or  three 
of  them.    The  position  of  a  plane  is  obviously  determined  by  the  position 

of  the  points  in  which  it  meets  these  axes. 
Thus  me  plane  A  B  0,  f .  31,  meets  the 
three  axes  at  the  points  A,  B,  and  C,  and 
its  position  is  determined  by  the  dis- 
tances O  A,  O  B,  0  0,  intercepted  be- 
tween these  points  and  the  centre  O. 
Similarly  the  plane  A  B  D  meets  the 
axes  in  the  points  A,  B,  and  D,  and  its 
position  is  determined  by  tlie  distances 
O  A,  O  B,  O  D ;  and  in  the  same  manner 
with  any  other  plane.  On  the  crystals 
of  a  given  species  the  occurring  planes 
have  exact  numerical  relations  to  each 
other,  and  it  is  to  show  these  relations 
that  certain  lengths  of  the  axes  are 
assumed  as  units.  Thus,  in  the  case 
already  given  if  O  C,  O  B,  O  A,  or  more 
briefly  o,  J,  a,  are  the  lengths  of  the 
axes  *  (strictly  speaking  semi-axes)  for  a 
given  species,  then  the  position  of  the 
first  plane  is  expressed  by  \c  :  \l :  la ;  that  of  the  second  by  2c  :  15  :  la 
ftf  OJD=200),  and  still  another  plane  might  be  2c :  2 J  :  la,  and  so  on. 
Consequently  the  general  position  of  any  plane  may  be  expressed  by 
mc\ru>\  ra^\  or  more  simply  mc:fd>:a^Ba  every  plane  is  for  simplicity 
supposed  to  meet  one  of  the  axes  at  the  unit  distance.  In  the  firet  case 
mentioned  above,  m  =1  and  n  =  1 ;  but  in  general  m  and  n  may  vary  in 
value  from  zero  to  infinity.  The  law  of  simple  mathematical  ratio,  how- 
ever, requires  that  m  and  7i,  which  express  the  ratios  in  the  lengths  of  the 
axes,  should  be  invariably  rational  numbers^  and  in  general  they  are  either 
fffhole  numbers  or  simple  fractions. 
This  principle  may  be  stated  as  follows  :  ^ 

The  position  of  the  planes  in  a  given  crystal  is  related  in  soms  simple 
ratio  to  the  relatvoe  lengths  of  the  axes. 

*  The  vertical  axis  is  thronghont  called  tf ,  aee  p.  63. 

f  It  18  more  usual,  and  anidjtically  xnoz€i  correct,  to  write  this  ezpreasioii  raiiihimc\ 
bat  as  the  usual  symbols  take  the  f  omi  m-;i,  the  order  of  the  terms  used  here  aod  dsewhen 
b  BMttt  oonvenieot. 
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This  snbject  will  become  clear  in  the  subsequent  studj  of  :he  aiffcreni 
crystalline  forms;  in  passing,  however,  reference  may  be  made 
to  f.  32  (zircon)  as  a  single  example.  The  planes  lettered  1 
and  3  have  I'espectively  the  positions,  1^; :  \b  ila^  and  8c  :1b:  la, 
and  in  the  second  case  the  vertical  axis  has  exactly  three  times 
the  length  of  that  of  the  former ;  any  such  multiples  as  2.93  or 
8.07  ai*e  crystallographically  impossible.  It  is  this  principle 
which  makes  crystallography  an  exact  mathematical  science. 
Some  apparent  exceptions,  such  as  occasionally  occur,  do  not  at 
all  set  aside  this  rule. 

The  expression  mc:  nb  :  ah  called  the  symbol  of  a  plane,  as  it  expresses 
its  exact  mathematical  position,  and  the  values  of  m  and  n  are  called  its 
parameters.  If  a  plane  intersects  two  of  the  axes,  but  not  the  third,  it 
IS  parallel  to  it,  and  mathematically  it  is  said  to  cut  it  at  infinity  f  qo  )  ; 
hence  the  general  expression  for  a  plane  parallel  to  the  vertical  axis  c  (as  in 
f .  83)  will  oe  <x)  (? :  n^  :  a,  or  qo  o  :  6  :  na^  according  as  a  or  &  is  taken  as 
the  unit ;  for  a  plane  parallel  to  the  lateral  axis  o  (as  in  f .  84),  it  will  be 
mc:  <x>b:a\  if  parallel  to  the  lateral  axis  a  (as  in  f.  36),  m^c  :b  :  <x>a.    » 

If  a  plane  is  parallel  to  two  axes,  b  and  a,  tliat  is,  intercepts  these  axes  at 
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an  infinite  distance,^  its  position  is  expressed  by  c :  oo  J  :  oo  «,  as  is  illus- 
trated by  f .  36 ;  again,  its  position  is  expi'essed  by  oo  (? :  i  :  oo  a,  if  parallel 
to  c  and  a ;  and  by  oo  c  :  oo  3  :  «,  if  parallel  to  c,  b.  These  may  also  be 
written  Oo  :  J  :  a,  etc. 

The  follo\ving  important  principle 
should  be  kept  m  mind.  The  relative 
not  the  absolute  position  of  any  plane 
has  to  be  regarded,  and  hence  all 
planes  parallel  to  each  other  are 
crystallographically  identical.  A 
plane  on  the  angle  of  the  cube  is  the 
same,  if  the  mutual  inclinations  re- 
main unchanged,  whether  large  or 
small,  for,  though  the  actual  distances 
cut  off  on  the  axes  may  differ  in  each 
case,  the  ratios  of  these  axes  are  iden-^ 
tical.  Again,  in  f.879  the  three  planes, 
\e :  4d  :  2a,  and  2c :  23  :  a,  and  c  : 
h :  ^  are  identical,  for  the  ratios 
of  the  three  axes  are  the  same 
throuffhoat.  the  planes  being  of  course 
pandleL    Similarly  the  symbol  lc:^\\a  may   be  written   tk? :  & :  a, 
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and  c:  oohicoa  n  the  same  sb  Oe:b  :a.  It  wiD  be  seen  that  this  priu* 
dple  makes  it  right  to  regard  every  plane  as  meeting  iMie  of  the  axes  at 
tub  nnit  distance  from  the  centre,  which,  as  before  stated,  reduces  the 
general  expression  of  any  plane  mcinbira  to  the  simpler  form  mc  ifihia^ 
or  me:  b  :  na. 

The  principle,  which  has  jastbeen  stated,  also  makes  it  evident  that  when 
the  axes  are  all  eqnal,  thej  are  not  necessarily  considered  in  naming  the 
position  of  any  plane ;  when  the  lateral  axes  alone  are  equal,  a  certain 
length  of  the  vertical  axis  mnst  be  assamed  for  each  species  ;  and  when  all 
the  axes  are  nncqnal,  certain  lengths  for  two  of  the  axes,  expressed  in 
terms  of  the  third  axis,  mnst  in  eveiF  case  be  adopted. 

Hence  the  fundamental  form,  ox  any  species  may  be  regarded  as  that 
octahedron  whose  axes  correspond  in  relative  lengths  with  the  axes  (?,  i,  a 
adopted  for  the  species.  The  faces  of  this  octaliedron  intersect  the  axes  at 
distances  from  the  centre  eqnal  to  no,  fift,  na  (or  c :  6  :  a)  respectively,  and, 
since  the  ratio  of  the  coefficients  which  expresses  the  position  of  these 
planes  is  1  :  1  : 1,  this  form  is  also  called  the  nnit  octahedron.  Bat  the 
torra  is  not  necessarily  fnndamental ;  for  it  is  frequently  more  or  less  arbi- 
trarily assumed,  and  the  structure  or  genesis  of  the  crystals  of  a  species  may 
point  to  other  forms,  having  very  oifFerent  axial  relations,  as  will  appear 
irom  facts  stated  beyond. 


Models.— For  dear  iUnstrafcion  of  the  axes  and  axial  latiuB  of  planeB  it  is  weU  to  have 
models  of  the  axes  made  of  rods  of  wood  mortised  and  glued  together  alPthe  croesing  at  oentre. 
The  rodi  may  be  half  an  inch  in  diameter  and  10  or  12  inches  long ;  for  the  Isometric  eyetem, 
three  eqnal  rods,  say  12  inches  long ;  for  the  Tetragonal  sjatem,  two  of  12  inches  for  the 
lateral  axes  and  one  of  8  or  14  inches  for  the  Tcrti^ ;  for  the  Orthorhombic,  one  of  16  inches 
for  axis  6,  one  of  10  inches  for  axiv  c^  and  one  of  14  inches  for  axis  a.  (Either  axis  may  be 
made  the  vertical  by  way  of  change.) 

For  the  Clinometric  systems,  make  a  second  model  like  that  for  the  Orthorhombic  i^ystem, 
but  with  the  rods  bat  loosely  mortised  and  tied  together,  so  as  to  admit  of  a  little  moTemeni 
at  centra  Then,  the  modd  when  in  its  more  natural  position  will  be  that  of  the  orthorhom- 
bic system,  the  intersections  being  all  rectangular.  But  by  pushing  the  front  rc^  a  down  in 
the  plane  of  ea^  making  it  thus  oblique  to  c  while  at  right  angles  to  h^  the  model  wiU  repre- 
sent  the  monodinio  axes  ;  if  all  the  intersections  of  the  rods  are  oblique,  the  model  will 
represent  the  axes  of  the  Tridinic  system. 

Now  by  takin^a  laige  piece  of  thick  pasteboard,  and  placing  it  in  different  positions  with 
reference  to  the  three  axes,  the  relations  to  the  various  planes  may  be  readily  illustrated. 

Models  of  the  rarious  forms  of  ciystals  are  also  of  the  highest  importance  ;  and  the  best 
for  general  illustration  are  those  made  of  plate  glass,  some  of  them  haying  the  positions  of 
the  axes  within  indicated  l^  threads,  and  others  consisting  of  one  form  inside  of  another  to 
show  their  mutual  relationsL  Such  glass  models  (first  made  by  Professor  Dana,  in  1885, 
and  recommended  in  the  first  edition  of  his  Mineralogy)  are  now  manufactured  of  great  per- 
fection at  Siegen,  in  Germany. 

Pasteboard  models,  likewise  useful  aids  to  the  study  of  crystallography,  are  easily  made 
from  the  outlines  of  the  faces  of  the  rarious  forms,  which  have  been  prepared  by  various 
authors. 

Models  cut  in  hard  wood  representing  the  actual  forms  of  the  various  mineral  spedes  are 
very  valuable,  when  accurately  made.  They  not  only  show  the  reUtions  of  different  planes, 
but  may  also  be  advantageously  used  to  give  ^e  stadent  practice  in  the  mathematical  cal- 
culations of  the  axes  and  parameters,  the  angles  being  measured  by  him  as  on  an  actual 
oiystal.  Sach  models  have  the  advantage  of  being  of  convenient  size,  and  ^srmmeMoally 
fonned,  which  axe  conditions  not  often  realised  in  the  ciystals  furnished  by  nature. 

2.  Law  or  Stxmbtbt. 
The  symmetry  of  crystals  ii  based  upon  the  law  that  either : 
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/.  All  parts  of  a  crystal  similar  in  position  with  reference  to  the  arneA 
wre  similjar  in  manes  or  modification^  or 

IL  Each,  hmf  of  the  similar  parts  of  a  crystal^  aUemate  or  syfmaetri- 
col  in  position  or  relation  to  the  other  half]  may  he  alone  similar  m  it& 
planes  or  modifications. 

The  forms  resulting  according  to  the  first  method  are  termed  holohe- 
dral  forms,  from  S\o9,  aU,  IBpoy  face ;  and  those  according  to  the  second, 
hemihedrdlj  from  fffuav^,  half. 

According  to  the  law  of  full  or  holohedral  symmetry,  each  sectant  in  one 
of  the  rectangular  systems  (a)  should  have  the  same  planes  both  as  to  num- 
ber and  kind  ;  and  {b)  whatever  the  kinds,  in  each  sectant  there  should  be 
as  many  of  each  kind  as  ara  geometrically  possible.  But  in  hemihedrism* 
either  (a)  planes  oi  a  kind  occur  only  in  half  of  the  sectants^  or  else  (b) 
half  the  full  number  occur  in  all  the  sectants. 

In  the  isometric  system,  for  example,  if  one  solid  angle  of  a  cube  has 
upon  it  a  plane  equally  inclined  to  the  diametral  sections,  so  will  each  of  the 
other  angles  (or  sectants)  (f .  39-42). 

If  one  of  the  twelve  edges  of  the  cube  has  a  plane  equally  inclined  to  the 
enclosing  cubic  faces  (or  diametral  planes)  the  others  will  have  the  same 
(f .  4»-46). 

Again,  one  of  the  solid  angles  of  a  cube  being  replaced  by  six  planes,  as 
in  f.  70,  this  law  requires  that  the  same  six  planes  should  appear  on  all  the 
other  solid  angles. 

But  under  the  law  of  hemihedrism  these  planes  may  occur  on  half  the 
solid  angles  of  the  cube,  and  not  on  the  other  half,  as  m  f .  87,  or  half  the 
full  number  of  planes  may  occur  on  all  the  angles,  as  in  f .  101.  This  subject 
is  further  elucidated  in  the  discussion  of  the  hemihedral  forms  belonging 
to  each  system  of  crystallization. 

HsBOHEDBiSM  is  of  various  kinds : 

1.  Sblomorphic,  in  which  the  occuring  planes  pertain  equally  to  both 
the  upper  and  lower  (or  opposite)  ranges  of  sectants,  as  in  all  ordinary  hemi- 
hedral forms. 

2.  Hemimorphic^  in  which  the  planes  pertain  to  either  the  upper  or  the 
lower  range,  and  not  to  both,  and  hence  the  planes  are  only  half  enough  of 
the  kind  to  enclose  a  space,  whence  the  term  hemim>orphiCj  from  fifu<ru<i, 
half  and  yLop^^form^ 

The  holomorphic  forms  may  be  either : 

A.  Hemiholohedralj  half  the  sectants  having  the  full  number  of  planes, 
or 

B.  Hblohemihedralj  all  the  sectants  having  half  the  whole  number  of 
planes. 

Amin,  as  to  the  relative  positions  of  the  sectants  containing  the  planes, 
the  jtorms  may  be : 

a.  VerticaUy-directy  in  which  the  sectants  of  the  upper  and  of  the  lower 
ranges  are  alternate,  but  the  upper  not  altemate  witJi  reference  to  the  lower, 


14  0BT8TALL0GSAVHT 

and,  accordingly,  each  plane  above  is  in  the  same  vertlciil  zone  with  a  likt 
plane  below  ;  as  in  forms  described  on  pp.  34, 85. 

b.  VerticcUly-idternatey  in  which  the  sectants  of  the  upper  and  lowei 
ranges  are  alternate^  and  also  the  upper  ar^  cUtemate  with  reference  to  the 
lower,  and,  accordingly,  each  plane  above  is  not  in  the  same  vertical  ssone 
with  alike  plane  below ;  as  in  the  tetrahedron  (f.  9),  rhombohedron  (f.  16), 
and  gyroidal  forms  (f.  182). 

c.  VertiixxUy-oblique^  m  which  the  sectants  of  the  upper  and  lower  ranges 
are  adjacent^  but  the  upper  are  situated  diagonaUy  with  reference  to  the 
lower,  bein^  on  the  opposite  side  of  a  transverse  diametral  or  diagonal 
plane  ;  as  in  hemihedrons  of  monoclinic  habit  under  the  orthorhombic 
system  (p.  46). 

Tetartohedrism. — ^Mathematically  the  rhombohedron  is  a  Kemihedron  un- 
'  der  the  hexagonal  system,  consequently  tho  forms  that  are  hemihedral  to  the 
rhombohedron  are  tetartohedronsy  or  quarter-forvM.    See  p.  39. 

Tetartohedral  forms,  or  those  with  one-fourth  of  the  normal  number  of 
planes,  have  also  been  observed  in  the  Isometric  system.  The  term  mero- 
aedrism^  from  /i^09,  part,  and  SSpa,  fdoe^  has  been  used  in  place  of  hemi- 
Eedrism,  to  includfe  both  tliis  and  tctartohedrism. 


L— ISOMETRIC  SYSTEM. 

A.  Hohhedral  Forma. 

In  the  IsoMBTBio  system  the  axes  are  equal,  so  that  either  one  may  be  tlie 
vertical  axis,  and  each  may  be  called  a.  It  has  already  been  shown  that  the 
general  expression  for  any  plane  meeting  the  axes  <?, o^a  is  mc  :  nb:  a;  and 
m  this  system  it  will  be  ma  ina:  a^  or,  since  the  axes  are  equal,  simply 
mini  i.  Now  it  has  been  shown  also  that  according  as  a  plane  intersects 
the  several  axes  at  di£Ferent  points,  or  is  parallel  to  one  or  more  of  them, 
this  fact  is  indicated  by  the  values  given  for  m  and  n  in  each  case  (p.  11). 
Hence  expressions  for  all  the  forms  geometrically  possible  in  this  system 
will  be  obtained  if  to  m,  and  n,  in  the  general  expression  ma  i  nai  a,  succes- 
sive values  are  given.  These  values  may  be  in  this  system,  0, 1,  a  number 
greater  than  1,  or  oo .     In  this  way  are  derived : — 

1.  mi  nil     [m-n]     when  m  and  n  have  both  diflreront  values  greater 

than  unity. 

2.  mi  mil     [m-m]    when  m  >  1,  n  =  m. 
8.    mi   1  I  1       [m]      when  m  >  1,  n  =  1. 

4.  1:1:1       ^1]  when  m  and  n  =  1. 

5.  00  :  n  :  1  [i-n']  when  m  =  oo ,  n  >  1. 

6.  00  :  1  : 1        [{]  when  m  =  oJ ,  n  =  1. 

7.  00  :  00  :  1  [£f  ]  when  m  and  n  =  oo . 

In  lettering  the  planes  of  the  eeyeisl  fonns  only  the  eaeential  part  of  the  lynibol  ia  used:  thi 
oabo  la  J7  (hexahedron) ;  the  octahedron  l(=sl  :  1 :  1) ;  the  dodeoahedron  •'  (oo  :  1 :  1),  ( t 
•taiids  for  infinity) ;  m  ia  naed  for  the  planes  m:l:1  ;  m-m  for  m  :  m :  1 ;  t-nfor  ac  :  n :  1  * 
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■Ml  lor  f»  :  n  :  1.  These  aymbdlB  aie  the  same  as  those  of  Kaomann,  ejraept  that  he  wzote 
OD  JnstiMMl  of  i  for  infinity,  and  introduoed  also  the  letter  0  (ootahedron)  as  the  siflna  of  ths 
ijstem  ;  00  O  oo  of  his  STstem^lT;  0=1  ;  <*>  0=i  ;  m  0=m  ;  m  0  m=m-iii,  oo  0  n=i-n^ 
and  m  O  n=fnrn. 

Each  of  these  expressions,  appearing  at  first  sight  possibly  a  little 
obscure,  may  be  translated  into  simple  language. 

CiJ}e. — ^The  cube  with  the  symbol  oo  :  oo  :  1,  is  composed  of  planes  each 
one  of  which  is  parallel  to  two  of  the  axes,  and  meets  the  thira  at  its  unit 
point  (see  f .  36).  It  is  evident  that  there  are  six  such  planes,  one  at  each 
extremity  of  the  three  axes,  and  the  figure  or  crystal  which  is  enclosed  by 
these  six  planes  has  already  been  described  (p.  5)  as  the  cube  (f.  38). 

Octcbkedron, — The  symbol  1:1:1  comprites  all  those  planes  which  meet 
the  three  axes  at  the  same  distance,  that  is,  cut  off  the  unit  length  of  each. 
It  is  evident  that  there  must  be  eight  such  planes,  one  in  each  octant,  and 
they  together  form  the  regular  octahedron  (f .  42),  which  has  already  been 
described,  p-  4. 

Dodecahedron, — The  symbol  oo  :  1 : 1  includes  those  planes  which  inter- 
cept two  of  the  axes  at  the  same  unit  distance,  and  are  pai-allel  to  the 
third.  There  can  be  twelve  planes  answering  to  these  conditions,  and  they 
form  together  the  dodecahedron  (f .  45,  see  also  p.  6). 

These  three  forms,  the  cube,  octahedron,  and  dodecahedron,  are  those 
most  commonly  occumng  in  this  system,  and  it  is  important  that  their  rela- 
tion should  be  thomughly  understood.  The  transitions  between  these  forms, 
as  they  modify  one  another,  are  exhibited  in  the  following  figures : 
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Figs.  38  and  42  i-epreseut  the  cube  and  octahedron,  and  89,  40,  41,  the 
intermediate  forms,  slicing  off  from  the  eight  angles  of  a  cube  piece  after 
piece,  such  that  the  planes  made  are  equally  inclined  to  U^  or  the  cubic  faces, 
the  cube  is  finally  converted  into  the  regular  octahedron  ;  and  the  last 
disappearing  point  of  each  face  of  the  cube  is  the  apex  of  each  solid  angle 
of  the  octahedron.  The  axes  of  the  former,  therefore,  of  necessity  conned 
the  apices  of  the  solid  angles  of  the  latter. 

The  form  in  f.  40  is  called  a  cubo-octahedron.    JTa  1=125°  16'  52". 

If  the  twelve  edges  of  the  cube  are  truncated  Tfor  all  will  be  truncated  ii 
one  is)  it  affords  the  form  in  f .  48 ;  then  that  ox  f .  44 :  then  the  dodecahe- 
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dran,  f .  45 ;  the  axes  of  Hie  cube  becominjg,  in  the  tranflition,  the  axes  ocoi 
necting  the  tctrahedral  solid  angles  of  the  dodecahedron ;  jET  A  «  =  135^  If 
the  twelve  edges  of  the  octahedron  (t  42)  are  truncated,  the  form  in  f.  47 
results  ;  and  by  continuing  the  replacement,  finally  the  dodecahedron  again 
is  formed  (f.  45).  1  A  i  =  144**  44'  8".  The  last  point  of  the  face  of  the 
octahedrou,  as  it  disappears,  is  the  apex  of  the  trihedral  solid  angle  of  the 
dodecahedron. 

These  forms  are  thus  mutually  derivable.  The  process  may  be  reversed, 
the  cube  bein^  derivable  from  the  dodecahedron  by  the  truncation  of  the 
tetrahedral  solid  angles  of  the  latter  (compare  in  succession  f.  45,  44,  43, 
38)  ;  and  the  octahedrou  by  the  truncation  of  the  trihedral  solid  angles 
(compare  f .  45,  47,  42).  These  remarks  are  important  as  showing  the  rela- 
tions between  these  forms,  though  it  is  of  course  not  intended  to  be  under- 
stood that  they  are  in  any  sense  derived  from  each  other  in  this  manner  in 
nature. 

The  three  axes  (or  cubic  axes)  connect  the  centres  of  opposite  faces  in  the 
cube  ^  the  apices  of  opposite  solid  angles  in  the  octaliedron;  the  apices 
of  opposite  tetrahedral  solid  angles  in  the  dodecahedmn. 

The  eight  trigofud  or  octahec^al  iuteraxes  connect  the  centres  of  opposite 
faces  in  the  octahed/ron  ;  the  apices  of  opposite  solid  angles  in  the  cube  ; 
the  apices  of  opix)site  tnhedral  solid  angles  in  the  dodecahedron. 

The  twelve  rliomhic  or  dodecahedral  interaxes  connect  the  centres  of  op- 
posite  faces  in  the  dodecahedron  /  the  centres  of  opposite  edges  both  in  the 
cube  and  the  octahedron. 

In  a  vertical  section,  containing  each  of  these  kinds  of  axes,  the  octahe 
dral  interaxis  intersects  one  of  the  three  cubic  axes  at  the  angles  54°  44'  & 
and  125'  15'  52",  and  one  of  the 
dodecahedral  interaxes,  at  the  an- 
gles 35°  15'  52"  and  144^  44'  8". 

There  remain  four  other  holohe- 
dral  forms  belon^ng  to  the  system 
as  contained  in  the  Rst  on  page  14. 

TrisoctaJied/rohs.  —  The  symbol 
m  :  1 : 1  is  of  that  solid  each  of 
whose  planes  meets  two  of  the  axes 
at  the  unit  distance,  and  the  third 
axis  at  some  distance  which  is  a 
multiple  of  this  unit  length.  It  will 
be  evident,  as  in  f.  48,  that  there 
are  three  such  planes  in  each  of  the 
eight  sectants,  and  hence  the  total 
number  of  planes  by  which  the  solid 
is  bounded  is  twenty-four.  The 
resulting  solid  is  called  a  trigonal 
trisoctaliedron^  and  one,  having 
01=1,  is  shown  in  f.  49. 
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Itwijlbefottad  a  veiy  valuable  piaotioe  for  the  atadent  io  oonstmofc  the  figorea  of  tlM 
•Dnooarivo  ctTatalline  fozma  in  this  way,  lajing  off  the  proper  lengths  of  the  Bereral  axea  and 
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noting  the  points  where  the  different  planes  interseot.     Forthex  iwaarks  on  the  drawing  of 
crystalB  will  be  found  in  the  Appendix. 

49 

The  symbol  m:  m  :1  belongs  to  all  the  planes  which 
meet  one  axis  at  the  unit  distance,  and  the  others  at  eqnal 
distances  which  are  multiples  of  the  former.  As  seen  in  the 
preceding  case,  there  will  be  three  such  planes  in  each  of 
the  eight  sectants,  and  the  total  number  consequently  will 
be  twenty-four.  The  solid  is  seen  in  f .  50,  and  is  called  a 
tetragonal  trisocta/iedrofi.^  or  a  trapezohedron. 

Both  these  fonns  are  called  trisoctahedrons,  f rom  rpk,  three  tirneSy  and 
octahedron,  because  in  each  a  three-sided  pyramid  occupies 
the  position  of  the  planes  of  the  regular  octahedron.  They 
are  closely  related  to  each  other ;  starting  with  the  form 
mil  ilyii  mis  diminished  till  it  equals  unity,  then  the 
symbol  becomes  1:1:1,  that  is,  it  has  passed  into  the  octa- 
hedron. If  m  becomes  less  than  unity,  the  symbol  may  be, 
for  example,  i  :  1  : 1,  which  is  identical,  as  has  been  ex- 
plained (p.  11)  with  1:2:2  (2-2),  and  this  is  the  symbol  of 
the  second  trisoctahedron.  This  explains  why,  in  the  first  list  comprising 
all  the  possible  forms,  m  was  in  no  case  made  less  than  unity. 

Trigonal'trisoctahedron, — In  this  form  the  solid  angles  are  of  two 
kinds :  the  trigonal  or  octahedral,  and  the  octagonal  or  cubic.  The  edges  are 
thirty-six  in  number,  twenty-four  of  one  kind,  forming  the  octahedral  or 
trihedral  solid  angles,  and  twelve  edges  meeting  at  the  extremities  of  the 
cubic  axes.    Each  of  the  twenty-four  planes  is  an  isosceles  triangle. 
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In  combination  with  the  cube,  the  form  2  appears  as  a  replacement  of 
each  of  the  solid  angles  by  three  planes  equally  inclined  on  the  edges  ;  this 
is  seen  in  f.  52.  With  the  octahedron,  it  appears  as  a  bevelment  of  its 
twelve  edges,  as  shown  in  f.  53.  It  also  replaces  the  eight  trigonal  solid 
angles  of  a  dodecahedron  by  three  planes  inclining  on  the  faces.  "The  more 
commonly  occurring  examples  of  this  form  are  2  (=2  :  1  :  1),  also  J  (= J 
:1  :l),and3(3:l:l). 

The  Tetra^onaJrtrisoctahed/ron  or  trapezohedron,  has  three  kinds  of  solid 
angles :  six  cubic,  whose  truncations  are  cubic  faces  (f.  56) ;  eight  octahe- 
dral, whose  truncations  are  octahedral  faces  (f.  56) ;  twelve  doaecahedral, 
truncated  by  the  dodecahedral  planes  (f.  60).  It  has  forty-eight  edges ; 
twenty-four  of  one  kind,  those  of  the  trihedral  or  octahedral  solid  anglea 
and  the  remaining  twenty-four,  also  of  one  kind,  meeting  in  the  cubic  solid 
angles.     Each  oi  the  twenty-four  faces  is  a  quadrilateral. 

In  combination  with  the  cube  it  is  seen  in  f .  55,  56,  appearing*  as  a  re 
placement  of  each  of  the  solid  angles  by  three  planes  equally  inclined  on 
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the  faces  of  the  cnbe.  Figs.  56,  57, 58«  59,  60,  62,  also  show  it  in  eom 
bination  witb  the  octahedron  and  dodecahedron*  The  most  commoulj 
occon-ingof  this  series  is  2-2  (=2  :  2  :  l),f.  54 ;  as  seen  in  f.  59,  it  tmncatet 
the  twentj-foar  edges  of  the  dodecahedron.    On  the  other  hiuid  the  form 
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}-l  wonld  replace  the  trihedral  solid  angles  by  planes  inclined  on  the  edges, 
while  3-3  replaces  (f.  62),  the  tetrahedral  solid  angles  of  the  dodecahedron, 
by  planes  also  inclined  on  the  edges. 

Tetrahexahedron. — The  sjrmbol  oo :  n  :  1  iyii)  belongs  to  all  the  planes 
which  are  parallel  to  one  axis,  meet  a  second  at  the  unit  distance,  and  the 
third  at  some  multiple  of  that  There  are  twenty-four  planes  which  satisfy 
these  conditions,  and  they  form  the  tetrahexaJiedron  ;  f .  64, 65,  represent  two 
varieties  of  tetrahexahedrons.  It  will  be  seen  that  the  planes  are  so 
arranged  that  a  square  pyramid  corresponds  to  each  of  the  six  faces  of  the 
cube ;  and  hence  the  name  from  Terpcuei^,  four  timesj  if,  aixj  and  IS/xs, 
face,  it  being  a  4  x  0-faced  solid.  Tne  tetrahexahedron  has  six  tetrahe- 
dral solid  angles  and  eight  hexahedral  or  octahedral  solid  angles.  There  are 
twenty-four  edges  of  one  kind  forming  the  former  solid  angles,  and  twelve 
edges  occupying  the  position  of  the  cubic  edges.  Each  of  the  twenty-four 
faces  is  an  isosceles  triangle.  In  combination  with  the  cube  it  produces  a 
bevelment  of  its  twelve  edges,  as  represented  in  f .  64. 
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The  tetrahexahedron,  in  f .  65,  lettered  t-2,  has  the  symbol  oo :  2  : 1 ;  and 
that  of  f .  66,  lettered  i-3,  oo :  3  :  1.  Some  of  the  other  occurring  kinds  ara 
those  with  the  ratios,  2  :  3, 3  :  4,  4  :  5,  etc.,  etc. 

The  relation  of  the  tetrahexahedron  to  the  octahedron  is  shown  in  f.  37 
By  comparing  this  ficnu^  with  f .  42,  it  is  seen  that  the  planes  i-2  rej  )ae6 
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the  solid  angles  of  the  octahedron  by  planes  inclined  on  its  ed^es.  Its  rela- 
tion to  the  dodecahedron  is  presented  in  f.  68,  which  is  a  aodecahedron 
(planes  i  being  the  dodecahedral  planes,  see  f .  45)  with  the  tetrahedral  solid 
angles  replaced  by  fonr  planes  inclined  each  on  an  i. 

The  tetrahexahedron  is  called  a  fiuoroid^  by  Haidinger,  the  form  being 
common  in  flaorite.  It  is  the  TetraMshexahedron  (or  Pyramidenwiirfey 
of  Nanmann. 

In  accx)rdance  with  considerations  already  presented  it  is  evident  that  n, 
in  the  symbol  i-7i,  may  always  be  written  as  a  whole  number,  for  the  symbol 
00 :  i  :  i  is  identical  with  oo :  1  :  2.  Moreover  it  is  seen  that  when  ti  is  « , 
the  form  passes  into  the  cube  (<x> :  oo :  1),  and  as  n  diminishes  and  becomes 
unity,  it  passes  into  the  dodecahedron  (oo :  1  :  1). 

^exoctahedron. — The  general  form  m  :  n  includes  the  larjgest  number 
of  similar  planes  geometrically  possible  in  this  system.  This  symbol 
requires  six  planes  in  each  octant,  as  will  be  seen  by  a  method  of  con- 
struction similar  to  that  in  f.  48,  and  consequently  the  whole  solid  has 
forty-ei^ht  planes.  It  is  hence  called  a  hexakisoctahedrou  (efa/ct?,  ^ 
titnesy  &TG),  eiffhtj  and  ISpa,  face,  i.^.,  a  0  x  8-faced  solid)  or  bexoctahedron. 
The  form  is  shown  in  f .  69,  where  it  will  be  seen  that  there  are  three  differ- 
ent kinds  of  edges,  and  three  kinds  of  solid  angles;  each  of  the  forty- 
eight  planes  is  a  scalene  triangle. 

When  modifying  the  cube  it  appears  as  six  planes  replacing  each  of  the 
solid  angles,  f.  70.    It  replaces  the  eight  angles  of  the  octahedron,  and  the 
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form  S-f  bevels  the  twenty-four  edges  of  the  dodecahedron  (f .  71).  Other 
hexoctahedrons,  differing  in  their  angles,  may  replace  the  six  acute  solid  an- 
gles of  the  dodecahedron  by  eight  planes,  or  the  eight  obtuse  by  six  planes. 
Tlie  hexoctahedron  of  f.  69,  70,  71  is  that  whose  planes  have  the  axia. 
ratio  3  :  J  :  1.  Othei-s  have  the  ratio  4  :  2  : 1,  2  :  f  :  1  (=6  :  4  :  3),  5  :  | :  1 
1=16  :  5  :  S),  7  :  i  :  1  (=21 :  7  :  8),  etc. 
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The  preceding  figures  show  dodecahedrons  variously  modified.  In 
f.  72,  /,  or  i,  are  laceB  of  the  dodecahedron ;  Hoi  the  cube ;  1  of  the  octa^ 
hedron ;  i-3  of  a  tetrahexahedron  (f .  66) ;  2-2  of  the  trapezohedron  of  f .  64 
69 ;  3-f  of  the  hexoctahedron  of  f.  69,  70.  In  f .  73,  ^,  O,  and  1  are  as  in 
f .  72 ;  3-3  is  the  trapezohedron  of  f .  61, 62 ;  and  5-f  (either  side  of  3-3)  a 
hexoctahedron. 

The  hexoctahedron  is  called  the  adamantoid  by  Haidinger,  in  allusion 
to  its  being  a  common  form  of  crystals  of  diamond.  It  is  tne  hexakisocta- 
hedron  of  Naumann. 

B.  HemihedraZ  Forms. 

Of  the  kinds  of  hemihedral  forms  mentioned  on  page  13,  the  hemUio- 
hhedraZy  in  which  only  half  of  the  sectants  are  represented  in  the  form, 
produces  what  are  called  inclined  hemihedrone:  and  tlie  holohemihedral,  in 
which  all  the  sectants  are  represented  by  halt  the  full  number  of  planes, 
parallel  hemihedrons.  In  the  former  the  sectants  to  which  the  occurring 
planes  belong  are  diagonally  opposite  to  those  without  the  same  planes ;  and 
hence  no  plane  has  another  opposite  aiid  parallel  to  it;  on  the  contrary, 
opposite  planes  are  oblique  to  one  another,  and  hence  the  name  of  incHnea 
hemihedrons  applied  to  them.  They  are  also  called  tetrahedral  forms,  the 
tetrahedron  being  the  simplest  form  of  the  number,  and  its  habit  character- 
istic of  them  all ;  while  the  latter  are  called  vyritohedral^  because  observed 
in  the  species  pyrite.  The  complete  symbols  of  the  inclined  hemihedrons 
are  written  in  the  general  form  i(m  :  n  :  1),  of  the  parallel  hemihedrons 
in  the  form  i  [«i :  n  :  1]  ;  also  written  #c(m  :  n  :  1)  and  mini :  n  :  1)  re- 
spectively. 

a.  Inamed'  or  Tetrahedral  Ueinihedrone.  1.  TetraJiedron^  or  J^emir 
octahedron, — J(l :  1 : 1). 

As  has  been  shown,  the  form  1(1  : 1  : 1)  embraces  eight  plaiies,  and  when 
holohedrally  developed  it  produces  the  octahedron ;  in  accoi*dance,  how- 
ever,  with  the  law  of  hemihedrism,  Ao^  of  the  eight  possible  planes  may 
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occur  in  alternate  octants ;  thus  in  two  opposite  sectants  above,  and  the 
fcwo  diagonally  opposite  below,  as  shown  by  tne  shaded  planes  in  f.  74.     If 
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these  four  eliaded  planei  are  suppressed,  while  the  other  four  of  the  octa- 
hedron are  extended,  the  resulting  form  is  the  regular  tetrahedron,  f.  76. 
The  relation  of  the  octahedron  and  tetrahedron  may  be  better  understood 
from  f.  75.  If,  as  just  remarked,  the  planes  shaded  in  f.  74  ai^o  suppressed, 
while  the  others  are  extended,  it  will  be  seen  in  f.  75  that  the  two  latter 
pairs  intersect  in  edges  parallel  respectively  to  the  basal  edges  of  the 
octahedron,  and  the  complete  tetrahoaron  is  the  result.  The  axes,  it  is  im- 
portant to  observe,  connect  the  middle  points  of  the  opposite  edges. 

Further  than  tliis,  since  either  set  of  tour  planes  may  go  to  form  the  solid, 
two  tetraliedrons  are  evidently  possible,  and  they  may  be  distinguished 
by  calling  the  first,  f.  76,  positive,  and  the  second  negative,  f.  76a. 
'riiese  terms  are  of  coui*se  only  relative.  The  pins  and  the  minus  tetrahe- 
drons may  occur  in  combination,  as  in  f.  79 ;  and  though  there  are  here  pre- 
sent the  eight  planes  which  in  holohedral  forms  make  the  octahedron,  and 
though  they  should  happen  to  be  equally  developed  so  as  to  give  the  same 
shape,  the  crystal  would  still  be  pronounced  tetrahedral,  since  the  planes 
1  and  —1  are  physically  difiEerent.  An  example  of  this  occura  in  crystals 
of  boracite,  where  the  planes  of  one  tetrahedron  ara  polished  while  those  of 
the  other  are  without  lustre. 

The  plane  angles  of  the  tetrahedron  are  60^,  and  the  interfacial  angles 
70^  31^^44". 

The  combinations  of  the  cube  and  tetrahedron  are  shown  in  f .  77  and  78, 
and  tlie  dodecahedron  and  tetrahedron  in  f .  80.  As  the  octahedron  results 
geometrically  from  slicing  off  successively  the  solid  angles  of  the  cube,  by 

E lanes  of  equal  inclination  on  the  cubic  faces,  so  also  the  tetrahedron  may 
s  made  mechanically  by  slicing  off  similarly  Ao^  these  solid  angles. 
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HemirtriaoctaJiedrons^  \{m  :  m  :  l)and  \{m  :  1 : 1).  In  the  same  manner 
as  with  the  tetrahedron,  the  form  m-m,  when  hemihedral,  may  have  half  its 
twenty-four  planes  present,  viz.,  those  in  the  two  opposite  sectants  above 
and  the  alteiiiate  sectants  below.  When  these  twelve  planes  are  extended, 
die  others  being  suppressed,  they  form  the  solid  represented  in  f .  81 ;  the 
symbol  properly  being  i(  m-;?i),  or  here  i(2-2).  The  faces,  as  will  be  ob 
served,  are  trigonal^  and  the  solid  is  sometimes  called  a  cuproid.  There  is 
the  same  distinction  to  be  made  here  between  the  plus  and  the  minus  forms 
SB  with  the  tetrahedrons.  Figs.  82, 83, 84  show  combinations  of  +i(wi-m) 
with  the  plus  tetr^edron,  the  dodecahedron,  and  the  tetrahexahedron. 

Similarly  the  forni^  when  hemihedral,  according  to  the  same  principle 
results  in  the  solid,  f .  85.  It  is  called  the  ddtohedron  by  Haidinger ;  it  has 
trapessoidal  faces.  In  f.  86,  +i(f)  is  shown  in  combination  with  +i(2-2). 
Here  also  the  distinction  between  the  plus  and  minus  forms  is  to  be  made  in 
the  same  manner  as  that  already  explained. 
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liuMned  or  ieirahedral  Semt-kexoctahedron  ■J(ot  :  n  :  1).  The  fonn  m-fl 
wliea  developed  accordiDg  to  tlie  law  of  inclined  hemiaedriBin,  that  is, 
when  of  ite  lorty-eight  faces,  half  are  prcBeiit,  viz.,  all  iu  half  the  wbol« 


Dnmber  of  sectants,  produces  the  solid  seen  in  f.  87.  There  is  here  also  ■ 
^/ua  solid,  and  a  minus  solid,  correaponding  to  the  +  and  —  tetrahedron. 
In  f.  88  it  ia  iu  combination  with  the  pins  tetrahedron. 

If  the  same  method  of  inclined  heniihedrism  be  applied  to  the  remain- 
ing solids  of  thisBj-Btem,  the  cabe,  dodecahedron,  and  tetrahexahedron,  that 
is,  if  in  each  case  the  parts  in  two  opposite  sectants  above,  and  the  two  diag- 
onally opposite  sectants  below,  be  conceived  to  be  exteuded,  the  other  half 
being  flnppreesed,  it  will  be  seen  that  the  solid  reproduces  itself ;  the  hemi- 
hedral  form  of  the  cube  is  the  cube,  and  so  of  the  othcra. 

The  following  figures  represent  some  other  combinations  of  these  forms. 


Iu  f.  89,  the  cuproid3-3  is  combined  with  the  faces /of  a  dodecahedron. 
The  form  3-S  resembles  closely  that  of  f.  81,  but  in  its  combination  with 
the  dodecahedron  it  does  not  truncate  an  edge  of  the  dodecahedron,  like  2-2 
in  f.  83.  Fig.  89a  contains  the  same  planes  combined  with  the  phis  tetra- 
hedron, hexEu;;onal  planes  1,  the  minus  tetrahedron,  triangular  planes  1,  and 
thefaccBof  thecube  H.  The  presence  of  the  plane  .^facilitates  the  com- 
parison  of  the  form  with  f.  55,  56,  57,  p.  18,  the  plane  3-3  having  the  same 
position  essentially  with  2-2.  Fig.  90  haa  as  its  moat  prominent  planes  thoae 
of  f.  81 ,  but  the  position  given  it  is  relatively  to  f.  81J;hato£  the  mintt$ 
hemihedron ;  and  there  are  also  the  small  planes  2-2  about  the  anglee, 
which  are  those  of  the  minus  hemihedron.  ZT,  are  planea  of  the  cube; 
1,  those  of  the  tetrahedron;  t,  those  of  the  dodecahedron  ;  i-S  those  of  * 
tetrahexahedron  {Ji,  i,  i-S  all  holohedral) ;  and  t  the  planes  of  a  deltoh» 
droa  similar  to  f.  85,  and  occuning  with  2-2  in  f.  86. 


ISOMETBIO  BTBtEBL 


33 


J.  ParaReL  or  pyrUohedral  hemihedrons. — According  to  the  second  la\» 
of  hemihedrism,  half  the  whole  number  of  planes  of  any  form  may  be  pre- 
^nt  in  all  the  sectants.  In  the  resulting  solids  each  plane  has  another  par- 
allel  to  it.  This  method  of  hemihedrism  obviously  produces  distinct  forms 
only  in  those  cases  where  there  is  an  even  number  of  planes  in  each  octant. 

Pentagonal  Dodecahedron^  or  Hemirtetrahexahearon^  i^(oo mil).  \i 
of  the  twenty-four  {)lanes  of  the  form  i-n  (oo :  n  :  1),  only  halt  are  present ; 
viz.,  one  of  each  pair  in  the  manner  indicated  by  shading  in  f.  91,  these 
bein^  extended  while  the  others  ai*e  suppressed,  the  solids  in  f.  92  and  f.  93 
result.  The  parallelism  of  each  pair  oi  opposite  planes  will  be  seen  in  these 
figures.  These  two  possible  forms,  seen  in  the  figures,  are  distinguished  by 
cSling  one  plus  (arbitrarily), +i[i-2],  and  the  other  minus,— i[i-l].  These 
solids  are  very  common  in  the  species  pyrite,  and  are  hence  called  j?yri^t?A<5- 
drons  ;  they  are  also  called  pentagonal  dodecahedrons,  in  allusion  to  their 
pentagonal  faces.  The  regular  dodecahedron  of  geometry  belongs  to  this 
class,  but  is  an  impossible  JH>rm  in  nature,  since  for  it  n  must  have  an  irra- 

1      I     a/  " 

tional  value,  viz.,    -Ill — ,  see  p.  10. 

In  combination  with  the  cube  the  form  +i[i-2]  is  seen  in  f.  94  and  f.  95, 
and  in  f .  96,  97,  with  the  octahedron,  and  in  f .  98,  with  the  cube  and  octa- 
hedron. 
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PardUd   hemirhexoctahedron^  i[m  \n\  1],     "When  of  the  forty-eight 
planes  of  the  form  m-7^,  only  half  are  present,  viz.,  the  three    alternate 
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f lanes  in  each  octant  as  indicated  by   che  shading  in  f.  99,  the  solid  in 
.  100  results.    This  solid  \&  called  a  diploid  by  Ilaioinger.     It  is  also  called 
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a  dyakis-dodecahedmn.    In  f.  101  it  is  shown  in  combinatioa  with  the  cube, 
and  in  f .  102  with  the  octahedron. 

Figs.  103,  104, 105,  of  the  species  pyrite,  represent  various  combina- 
tions of  parallel  heraihedrons  with  the  cubic  and  other  faces.  In  f.  103 
there  are  planes  of  two  hemi-tetrahexahedrons  (pentagonal  dodecahedrons) 
t-2,  t4 ;  and  of  two  diploids  4-2,  3-|,  along  with  planes  of  the  octahedron, 
1,  and  of  the  trapezohedron  2-2.  In  f.  104  the  dominant  form  is  the  dode- 
ealiedron,  /;  it  has  tibe  faces  of  the  cube,  S\  of  the  octahcdi-on,  1 ;  of  th« 
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Pyrite. 


trapezohedron,  2-2 ;  and  of  the  parallel  hemihedrons,  i-2  and  4-2.  Fig. 
105  represents  a  map  of  one  angle  of  a  cube,  showing  at  centre  the  octahe- 
dral face  1,  and  around  it  the  faces  of  the  cube  iz,  of  the  titkpezohedi*on 
2-2,  the  trigonal  trisoctahedron  2,  and  the  parallel  hemihedrons,  ^-2,  2-|^, 
3-f .  The  axial  ratio  for  2-f  is  2  :  | :  1  (or  6:4:  2),  and  for  3- J,  3  :  {  :  I 
(or  6:8:2). 

Promment  distinctive  characters. — The  student,  in  order  to  facilitate  his 
study  of  Isometric  forms  in  nature,  should  be  thoroughly  familiar  with  the 
following  points,  from  the  study  of  models  or  natural  crystals ;  (1)  The 
isometric  character  of  the  symmetry,  the  planes  being  alike  in  grouping  in 
the  direction  of  the  three  axes.  (2)  The  forms  of  the  faces  and  solid  an- 
gles of  the  octahedron,  the  dodecahedron,  the  trapezohedron  2-2,  the  pen- 
tagonal dodecahedron  i-2.  (3)  The  fact  that  the  following  are  common  an- 
gles in  the  system— 135^  (=II^*);  l^''^*'  28'  (angle  of  octahedron),  70^82' 
(angle  in  octaliedron  and  tetrahearon) ;  120°  (angle  of  dodecahedron);  125® 
16'(=Ha1);  144^44' (=HA2-2=lAi);  153^  26'(=IlAi-2);  16r34^(=H 
Ai-3).  A  list  of  the  angles  belonging  to  the  various  forms  of  this  system  is 
given  on  p.  67.  (4)  Cleavage  may  be  cvMc^  octahedral^  or  dodecdkedral  / 
and  sometimes  two  of  these  kinds,  and  occasionally  the  three,  occur  in  the 
same  species,  but  always  with  great  difference  of  facility  between  them. 
Galenite  is  an  example  of  easy  cubic  cleavage ;  fluorite  of  easy  octaliedral ; 
sphalerite  (blende)  of  easy  dodecahedral. 

Plcines  of  symmetry, — ^The  bcven  kinds  of  solids  described  on  pp.  16  to  19, 
include  ^6  the  holohedral  forms  possible  in  this  system,  as  is  evident  from 
their  geometrical  development.  In  them  exists  the  highest  degree  of  sym 
nietry  possible  in  any  geometrical  solids. 

In  the  cube,  as  has  already  been  stated,  all  planes,  solid  angles,  and  edges 
ftre  equal  and  similar.  The  three  diametral  planes,  passing  each  through 
two  of  the  axes,  are  the  chief  planes  of  symmetry,  every  part  of  the  crystal 
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on  one  aide  of  the  plane  having  its  equal  and  sjuiinetrical  part  on  the  oppo- 
site side.  Further  tlian  this,  each  ot  the  six  planes  passing  through  the 
diagonal  edges  of  the  cube,  and  couseotientlj  parallel  to  the  dodecahedral 
planeS|  are  also  planes  of  symmetry.  There  are  hence  in  this  system  71^ 
planes  of  symmetry. 


1. 

mc:  na:  a 

[»i-n] 

2. 

\oiai a 
mc: a:a 

m] 

3. 

c:  Qoa :  a 
mo:  00a:  a 

n-i] 

4. 

00  o:na:  a 

[irn 

5. 
6. 

00(7 :  a:  a 
00c  :00a:  a 

7. 

((?:  Qoa  :  00  a)  [0] 

or  Oc:  a:  a. 

IL— TETRAGONAL    SYSTEM. 

In  the  TicrBAOONAL  System,  thera  are  three  rectangular  axes ;  but  while 
the  two  lateral  axes  are  equal,  the  I'emaining  vertical  axis  is  either  longer  or 
shorter  tlian  they  are ;  there  are  consequently  to  be  considered  the  lateral 
axes  (a)  and  the  vertical  axis  (c). 

The  general  geometi'ical  ex])res8ion  for  the  planes  of  crystals  becomes  for 
this  system  mc :  na  :  a,  and,  if  this  be  developed  in  the  same  way  as  the  cor- 
responding expression  in  tlie  Isometric  system,  all  the  forms'^  geometrically 
possible  are  derived. 

whenm>l,  n>l. 
when  wi=l,  71=1, 
when  m^l,  71=1. 
when  m=lj  n=co , 
when  771^1, 7i=cx> . 
when  771=00,  n>l. 
when  771=00, 7i=l. 
when  771=00 ,  7^=00 . 
when  771=0,  7i=l. 

In  Istterixig  ihe  planes  the  abridged  aymbolB  axe  used;  here,  as  before,  }=«> ,  and  the  unit 
term  is  omitted  as  mmecessazy,  mo  :  oo  a:  a=fii-i\  eta  These  axe  the  same  as  the  symbols 
of  NanmamL,  except  that  he  wrote  oo ,  and  added  P  as  the  sign  of  the  systems  which  are  not 
isometric;  Oi*=0;  oo-fto=t*-»;  ooi*=/;  ooP»=^»;  mPoo  =i7i-» ;  mP=f»  ;  P-l;  and 
uiPn=^tnrn, 

A.  JETolohedral  Forms. 

JBasal  plane, — There  are  two  similar  planes  corresponding  to  the  sym- 
bol  c  :  00  a  :  00  (3^  (or  Oo  :  a  :  a),  parallel  to  both  the  lateral  axes ;  eacii  is 
called  the  basal  plane.  They  do  not  inclose  a  space,  and  consequently  they 
can  occur  onlv  in  combination  with  other  ulanes. 

Prisma. — ^The  planes  having  the  symbol  00  c  :  00  a  :  a  are  parallel  to  the 
vertical  and  one  of  the  later^  axes.  There  are  four  such  planes,  one  at 
each  extremity  of  the  two  lateral  axes,  and,  in  combination  with  the  plane 
O^  they  form  the  square  prism,  which  has  been  called  the  diamstraZ  prism, 
seen  in  f.  106. 

For  the  symbol  00  0 :  a  :  a,  the  planes  are  parallel  to  the  vertical  axis, 

*  The  word  form  has  been  freely  used  in  the  preceding  pages ;  from  this  point  on,  how- 
ever, it  needs  to  be  more  exactly  defined.  In  a  orystallographic  sense  it  includes  aU  till 
ulttiea  geometrically  possible,  never  less  than  two,  which  have  the  same  general  ^ymboL 
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and  meet  the  others  at  eqnal  distances.  Tliere  are,  as  in  the  preceding 
cose,  four  encli  planes.  They  form,  iu  combination  with  the  plane  O, 
that  Ec^uare  prism  which  ia  seen  in  f.  107,  and  may  be  called  the  unit 
prism.  Both  the  prisma  »-t  and  /  are  alike  in  tlieir  degree  of  symmetry. 
E^ch  has  four  Bimilar  vertical  edges,  and  eigitt  similar  basal  edges  unlike 
the  verticaL     There  are  also  in  each  case  eight  aimilar  solid  angles. 


4'H 

-^ 

,  but  ill  this  each  plane  meets 


The  form  wi  (qo  c  :  no :  a)  is  another  prism 
one  of  the  lateral  axes  at  the  unit  distance,  and  the  othei-  at  some  multiple 
of  its  unit  distance.  As  is  evident  in  the  accompanying  horizontal  section 
(f,  113),  this  general  symbol  requires  eigltt  siciiilar  planes,  two  iu  each 
quadrant,  and  tlie  complete  form  is  shown  in  f.  109.  The  sixteen  basal 
edges  are  all  similar ;  the  vertical  edges  are  of  two  kinds,  four  axial  X,  and 
four  diagonal  Y  (f.  109J.  The  regvlatr  octagonal  prism  with  eight  similai 
vertical  edges, each  angle  being  136",  is  crystallographlcally  impossible. 


The  planes  1  tmncate  the  edges  of  the  diametral  prism  tW,  as  in  f.  108. 
Similarly  the  planes  t-t  truncate  the  vertical  edges  of  /.  The  prism  »-n  be- 
vels the  edges  of  «■»*,  as  in  f.  110,  where  i-n=i-2. 

The  relation  of  the  two  square  prisms,  vi  and  /,  may  he  further  illus- 
trated by  the  figs.  Ill  and  112.  In  f.  112  the  sections  of  the  two  prisma 
are  shown  with  the  dotted  lines  for  the  axes,  and  in  f.  Ill  there  are  the 
two  forms  complete,  the  one  (/)  within  the  other  (*-i).  The  unit  prism  ISs 
Bometimcfi  called  the  prism  of  the  first  8«ries,  and  the  prism  i-i  that  of  the 
aeoondseriea. 

■  Octahedrons  or  Pifraniids. — The  forms  rrtri  and  m  both  give  rise  to 
■quare  octahedrons,  corresponding  to  the  two  kinds  of  square  prisms.  In 
f»-t  the  planes  are  parallel  to  one  lateral  axis  and  meet  the  vertical  axis 
at  variable  distances,  multiples  (denoted  by  m)  of  the  unit  length.  The 
total  number  of  each  planes,  for  a  given  value  of  t»,  is  obviously  eight,  and 
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the  form  is  shown  in  f.  114  and  115.    These  planes  replace  the  basal 
ed^es  of  the  form  shown  in  f ,  106,  and  m  varies  in  value  from  0  to  oo 
When  ?7i=0  the  four  planes  above  and  below  coincide  with  tlie  two  basal 


115 


117 


planes;  as  m  increases,  thei*e  arises  a  series,  or  zone,  of  planes,  with  mu- 
tually parallel  intersections  (f.  116) ;  and  when  m=Qo ,  the  octahedral  planes 
mri  comcide  with  the  planes  i-i.  The  value  of  m  in  a  particular  species 
depends  upon  the  unit  value  assumed  for  the  vertical  axis  c. 

The  same  form  replaces  the  vertical  angles  of  the  prism  /,  as  in  f.  117. 


119 


The  octahedrons  of  the  m  series  meet  both  of  the  lateral  axes  at  equal 
distances  and  the  vertical  axis  at  variable  distances.  It  is  clear  that  the 
whole  number  of  planes  for  this  form,  when  the  value  of  mis  given,  is  also 
ei^ht,  one  in  each  octant.  When  m=l  the  solid  in  f.  118  is  obtained, 
which  is  sometimes  called  the  unit  octahedron.  As  m  decreases,  the  octahe- 
drons become  more  and  more  obtuse,  till  m=0,  when  the  eight  planes  coin- 
cide with  the  two  basal  planes.  As  in  increases  from  unity,  on  the  other 
hand,  the  octahedrons  or  pyramids  become  more  and  more  acute,  and  when 
m=^^  they  coincide  with  the  prism  /;  this  series  forms  another  zone  of 
planes.  These  octahedrons  replace  the  basal  edges  in  the  form  f .  107,  as 
seen  in  f.  119,  and  as  the  octahedron  is  more  ana  more  developed  it  passei 
to  £  120,  and  finally  to  f .  118. 


192 


123 


124 


The  same  form  replaces  the  solid  angles  of  the  form  f.  106,  as  seen  m 
1 121,  and  this  too  gradually  passes  into  f.  122  and  f.  114. 
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The  relation  of  the  octahedrons  1  and  1-t  {m  anlm-/)  is  the  same  as  thai 
of  the  prisms  /  and  i-i  (compare  f.  112).  Similarly,  too,  thev  are  often 
called  octahedrons  (or  pyramids)  of  the  ihrst  (m)  and  secorid  (m-i)  series. 

As  will  be  seen  in  f.  123,  l-i  truncates  the  pyramidal  edges  of  the  octahe- 
dion  1,  and,  conversely,  the  edges  of  the  octahedron  2-i  are  truncated  by 
the  octahedi-on  1  (f.  124). 

Octagonal  pyrarndda. — The  form  m-n  {mc : 
na\  dSm  this  system  has,  as  in  the  preceding  sys- 
tem, tne  highest  number  of  similar  planes  which 
are  geometrically  possible  ;  in  this  case  the  num- 
ber is  obviously  sixteen,  two  in  each  of  the  eight 
sectants,  as  in  f.  125,  where  m=l,  7i=2.  These 
sixteen  similar  planes  togetlier  form  the  octagonal 
pyramid  (strictly  double  pyramid)  or  zirconoid, 
f.  126.  It  has  two  kinds  ox  terminal  edges,  the 
axial  X  and  the  diagonal  Y ;  the  basal  edges  are 
all  similar.  It  is  seen  (m-n=l-2)  in  f.  127  in 
combination  with  the  diametral  prism,  and  in  f.  128  with  1,  whei*e  it  bevelf 
the  vertical  edges. 


126 


127 


128 


Other  teti-agonal  forms  are  illustrated  in 
figures  2  to  8,  of  zircon  crystals,  on  p.  2; 
f.  8  is  the  most  complex,  and  besides  3-3 
shows  also  the  related  zirconoids  4-4  and  5-6. 

Several  series  of  forms  occur  in  f.  129,  of 
vesuvianite.  In  the  unit  series  of  planes 
there  are  the  octahedrons  (or  pyramids)  1, 2, 
3,  and  the  prism  J;  in  the  diametral  series 
l-i,  i-i  ;  of  octagonal  prisms,  t-2,  i-3 ;  of  zir- 
jonoids  2-2,  3-3,  5-5,  4-2,  |-3,  the  whole  num- 
oer  of  planes  being  154. 


129 


B.  Hemiked/roL  Forms. 

Among  hemihedral  forms  there  are  two  divisions,  as  in  the  isometric 

iTstem:  ^  .,,1.1  ^ 

1.  Eemihjolohedral,  having  the  full  number  of  planes  in  half  the  sectants 
(a)  ViyrticaUy-altemate,  or  sphenoidal  forms.— The  planes  occur  in  two 
sectants  situated  in  a  diagonal  line  at  one  extremity,  and  two  in  the  trani- 
>'erse  diagonal  at  the  other. 
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With  'Octahedral  planea  i{inc :  a:a)  the  solid  is  a  tetrahedron  (f.  130, 
181)  called  a  sphenoid^  having  the  same  relation  to  the  square  prism  of 


130 


181 


132 


184 


1 106  that  the  regnlar  tetrahedron  has  to  the  cube.  Fig.  130  is  ih^  positive 
sphenoid  or  -f  1,  and  131  the  neaative^  or  —1.  The  form  ^{mc  :  ooa  :  a) 
is  similar.    Fig.  132  represents  the  sphenoid  in  combination  with  the  prism 

If  the  planes  of  each  sectant  are  the  two  of  the  octa^nal  pyramid 
^mc  :na:  a)  (f.  126),  the  form  is  a  diploid  (f.  133).  It  is  m  combination 
with  the  octahedron  1-t  in  f.  134. 

(J)  Verticaily-directy  or  the  planes  occnring  in  two  opposite  sectanta 
above,  and  in  two  on  the  same  diagonal  below.  The  result  is  a  horizontal 
|)riBm,  or  forms  resembling  those  of  the  orthorhombic  system.  Charactei*- 
izes  cr^tals  of  edingtonite. 

{o)  VerticaUy'ohhque.  Planes  occurring  in  two  adjacent  octants  above, 
and  in  two  diagonally  opposite  below,  producing  monoclinic  forms,  as  in  a 
hydrous  ammonium  sulphate. 

3.  Holohemihedral^  lui  the  sectants  having  half  the  full  number  of  planes. 
As  the  largest  number  of  planes  of  a  kind  is  imo^  half  the  full  number  is 
in  all  cases  one,  Hemihedrism  may  occur  in  the  forms  vn-n  (f.  126, 127), 
or  zirconoids,  and  in  the  forms  i-n  (f .  109),  or  the  octagonal  prism. 

The  following  are  the  kinds  : 

(a)  YeHicaUy-direct.  The  occurring  plane  of  the  sectants,  the  right 
one  in  the  upper  series,  and  that  in  the  same  vertical  zone  below,  as  indi- 
cated by  the  shading  in  f .  136  ;  or  else  the  left  one  above,  and  that  in  tha 
name  vertical  zone  below,  f.  136. 


18A 


187 


188 


189 


(J)  VeHicaUy-alternate,  The  occurring  plane  the  rigJU  above,  and  that 
in  tne  alternate  zone  below,  as  indicated  in  f .  137 ;  or  else  the  left  above, 
and  that  in  the  alternate  zone  below,  f.  138. 

As  the  right  of  the  two  planes  above  is  in  the  same  vertical  zone  with  the 
Uft  of  the  two  below  (supposing  the  lower  end  made  the  upper),  the  two 
kmds  of  the  first  division  will  be  the  rl  m-n  ;  and  the  Ir  mrfi  (in  f.  136  on 
the  angles  of  the  prism  i^  ;  and  the  two  of  the  second  division  the  rr  m^ 
and  the  U  mrn  (in  f .  188,  on  the  angles  of  the  prism  iri)* 
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The  completed  form  for  the  first  methods  has  parallel  faces,  and  is  like  the 
ordinary  square  octahedron  in  shape,  because  the  upper  and  lower  planes 
belong  to  the  same  vertical  zone.  But  in  the  second  it  is  gyroidat;  the 
npper  pyramid  has  its  faces  in  the  same  vertical  line  with  an  edge  of  the 
lower,  as  represented  in  f.  139,  the  form  U  rrirn. 

The  first  of  tliese  methods  occurs  iu  octagonal  prisms,  producing  a  square 
prism,  either  r  i-n^  or  I  i-n. 


140 


141 


'^ySJpr 


Woiu0Kito. 


BoheeUte. 


Wnlfenite. 


Fig.  140  represents  a  com- 
bination of  the  octahedron  1-t 
with  the  unit-octahedron  1,  and 
two  hemihedral  forms,  one  of 
them  Ir  1-2,  the  other  rl*  3-3. 
The  plane  1  shows  the  posi- 
tion of  the  octant  ;  3-3  is  to 
the  right  of  1,  and  1-2  to  the 
left    In  f.  141,  which  is  a  top 
view  of  a  crystal  of  wemerite, 
there  occurs  I  3-3  large,  along 
with  r  3-3    small,  indicating 
hemi/iedrism,      and,    judging 
from  that  of  the  allied  species 
sarcolite,  it  is  of  the  square  oc- 
tahedral kind,  rZ  3  3  and  Ir  3-3. 
Fig.  142  contains  the  hemihedral  prism  I  t-^,  com- 
bined with  the  unit-octahedron   1,  and  the  basal 
plane  O. 

Variable  elements  in  this  system. — In  the  tetragonal  system  two  ele- 
ments are  variable,  and  in  any  given  case  must  be  decided  before  the  rela- 
tions of  the  forms  can  be  definitely  expressed. 

(a)  ThepositirOn  of  the  lateral  axes. — These  axes  are  equal,  but  there  are 
two  possible  positions  for  them,  for  in  a  given  square  octahedron  they  may 
be  either  diagonal  or  diametral ;  in  other  words,  given  an  octahedron,  as  in 
f.  115, 116,  the  prismatic  planes  may  be  made  diametral  (t-t),  and  the  octahe- 
dron so  belong  to  the  mri  series,  or  the  prismatic  planes  may  be  made  diag- 
onal, that  is  I  (coo  :  a  :  a\  when  the  corresponding  octahedi-ons  belong 
to  the  m  scries.    The  ratio  of  the  lateral  axes  for  the  two  cases  is  obviously 

1:V^,  or  1:1.4142+. 

(h)  The  len^fth  of  the  vertical  axis. — Amouff  the  several  occurring  octa- 
hedrons, one  mnst  be  assumed  as  the  unit,  andthe  others  referred  to  it.  In 
f .  143,  of  zircon,  the  octahedron  1  is  made  the  unit,  and  by  measur- 
ing the  basal  angle  it  is  found  mathematically,  as  explained  later, 
that  the  length  of  the  vertical  axis  is  0.85  times  that  of  the  lateral 
axefl.  The  octahedron  3  has  then  the  symbol  8c:  a:  ass  referred 
to  this  unit.  If  the  latter  octahedron  nad  been  taken  as  the  fun- 
damental form,  the  length  of  the  vertical  axis  would  have  been 
S  X  0.85  times  that  of  the  lateral  axes,  and  the  symbol  of  the  first 
plane  would  have  been  ^:  a  :  a.  Which  form  is  to  be  taken  as 
the  unit  or  fundamental,  that  is,  what  length  of  the  vertical  axis  (T  is  to  be 
adopted^  depends  upon  various  considerations.     In  general  that  form  it 
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•flBamed  as  f  undairental  which  is  of  most  common  occurrence  or  to  which 
the  cleavage  is  parallel ;  or  which  best  shows  the  morphological  relations 
of  the  ffiven  species  to  others  related  to  it  in  chemical  composition,  or  which 
gives  the  simplest  symbols  for  the  occurring  forms  of  a  species. 

Prominent  characteristics  of  ordinary  tetragonal  fbrma.^-^The  promi- 
nent distinguishing  characteristics  of  tetragonal  forms  are  :  (1)  A  symme- 
trical arrangement  of  the  planes  in  fours  or  eights.  (2)  The  frequent  oc- 
currence of  a  square  prism  diagonal  to  a  square  prism,  the  one  making  with 
the  other  an  angle  of  185°.  (3)  The  occurrence  of  bevelling  planes  on  the 
lateral  edges  oi  ihh  square  prism.  (4)  A  resemblance  of  the  octahedrons 
to  the  regular  octahedron,  in  having  a  square  base,  but  a  dissimilarity  in 
that  the  angles  over  the  basal  edges  do  not  equal  those  over  the  terminal.  (5) 
Cleavage  may  be  either  basal^  sqicare-j^rismatiCy  or  octahedral ;  prismatic 
cleavage,  when  existing,  is  alike  in  two  directions,  parallel  to  the  lateral 
faces  of  one  of  the  square  prisms,  and  is  always  dissimilar  to  the  basal  cleav- 
age ;  the  basal,  or  the  lateral,  is  sometimes  indistinct  or  wanting ;  the  pris- 
matic may  occur  parallel  to  the  lateral  planes  of  both  square  prisms,  but 
when  so,  that  of  one  will  be  always  unlike  in  facility  that  of  the  other. 

Pla/MS  of  syrrvmetry. — There  are  five  planes  ot  symmetry  in  the  tetiti^ 
gonal  system :  one  principal  plane  of  symmetry  normal  to  the  vertical  axis, 
and  four  others,  intersecting  in  this  axis  ;  these  four  are  in  two  pairs,  the 
planes  of  each  pair  normal  (90°)  to  each  other,  and  diagonal  (45°)  to  tiixose 
of  the  other. 


HL— HEXAGONAL  SYSTEM. 

The  Hexaookal  Ststem  includes  two  grand  divisions :  1.  The  Hexa- 
gonal proper,  in  which  (1)  symmetry  is  by  sixes^  and  multiples  of  six ; 
(2)  hemihedral  forms  are  of  the  kind  called  vertically-direct ;  and  (3^ 
cleavage  and  all  physical  characters  have  direct  relations  to  the  holohedrai 
bexa^nal  form. 

2.  The  Bhombohedbal,  in  which  (1)  symmetry  is  by  threes  and  multi- 
ples of  three,  rhombohedral  forms  being  hemihedral  in  mathematical  rela- 
tion to  the  hexagonal  system,  and  of  the  kind  called  vertically-alternate ; 
(2)  cleavage,  and  many  other  physical  characters,  usually  partake  of  the 
hemihedrism. 

While  the  rhombohedron  is  mathematically  a  hemihedral  form  under 
the  hexagonal  system,  and  is  properly  so  treated  in  a  system  of  mathema- 
tical crystallography,  it  is  not  so  genetically,  or  in  its  fundamental  relations. 
Moreover,  it  has  its  own  hemihedral  forms,  which,  under  the  broad  hexago- 
nal system,  are  tetartohedral. 

The  holohedrai  forms,  all  of  which  belong  to  the  Hexagonal  division, 
are  here  first  described ;  and  then  the  heTrdhedral  forms,  which  include,  be- 
sides a  few  under  the  hexagonal  division,  the  whole  of  the  lihomhohedrcd 
divinon. 

A.  Holohedrai  Forms  :  Hsxaooital  DmsioN. 

The  general  expression  for  planes  of  this  system  ism^:  na:  a:  pa^  where 
there  are  to  be  considered  the  vertical  axis,  i^  and  three  equal  lateral  axes.  a. 
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It  16  evident,  however,  that  the  position  of  any  plane  is  determined  hv  irt 
intersections  with  two  of  the  lateral  axes,  as  its  direction  with  the  tnird 
follows  directly  from  them.  (Compare  f,  146.)  Conseqnently,  in  writing 
the  83'rabol  of  any  plane  it  is  necessary  to  take  into  consideration  only 
the  vertical  axis,  and  two  of  the  lateral  axes  adjacent  to  each  other. 

The  various  holohedral  forma  poEsible  in  this  system  are  derived  after 
the  analogy  of  thoee  of  the  tetragonal  system.  The  parameters  for  aU  the 
lateral  axes  are  given  below  for  sake  of  compariflon.  It  is  to  be  noted  here 
that  m  may  be  either  <  1,  or  >  1 ;  n  is  always  >  1  and  <  2,  while  j>  >  3 

■od<  00 ;  further  than  this  it  is  always  true  tiiat  p= -. 

mc -.naia:  (oa)  [wz-k.]  when  m  ^1,    n>  1  and  < 2. 

witf :  2ff :  a :  (aa)  [m-2]  when  m  §1,    w  =  2. 

(  mo:  a: a:  (co a)  [m]  when  j«  ^  1,  n  =  l. 
\e:a:a:  (coa)  [1]     when  m  =  1,    «,  =  !. 

CO  o:na:  a:  (pa)  [i-n]    when  m  =  <x>,  n>  1  and  <  2. 

0Dc;2a:o:  (2a)  [i-2]    when  w  =  oo ,  n  =  2. 

<x>c:a:a:  (qo  a)  [/]     when  m  =  oo ,  n  =  1. 

Oc:a:a:{a)  [0]    whenm  =  0,    n  =  l. 

mfit=m-n  \  oP 

BaaaZ  phmea. — The  form  O=0c:a:a  includes  the   two  basal  planei 
bove  and  below,  parallel  to  the  plane  of  the  lateral  axes. 
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Priarm. — The  form  I='3ac :  a  :  a  comprises  the  six  planes  parallel  to 
die  vertical  axis,  and  meeting  the  two  adjoining  lateral  axes  at  equal  dis- 
tances. These  six  planes  with  the  basal  plane  form  the  hexagonal  niiit 
prism,  f.  144.  The  form  i-2=oo  c ;  2o  ;  o  includes  the  six  planes  which 
are  parallel  to  the  vertical  axis  but  meet  one  of  the  lateral  axes  at  the  unit 
distance,  and  the  other  tteo  at  double  that  distance.  These  plai.m  with  the 
basal  plane  form  the  diametral  prism,  f.  145.  The  relations  ol  the  two 
prisms  /  and i-2  are  shown  m  f.  146.  In  f.  147,  it  will  be  seen  that  the  one 
prism  truncates  the  vertical  edges  of  the  other.  The  faces  of  the  i-i 
make  an  angle  of  150°  with  the  faces  of  /  These  two  piisms  have  an  inti- 
mate connection  with  each  other,  and  together  form  a  regvia/r  twelve-sided 
prism, — a  prism  which  is  crystallographically  impossible  except  as  the  Ksolt 
of  the  combination  of  these  two  different  forms. 
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The  form  i-2  is  a  special  case  of  the  general  form  i^n  or  co  c  :  na:  a. 
When  n  is  some  number  less  than  2,  and  greater  than  1,  there  must  be  two 
planes  answering  the  given  conditions  in  each  sectant,  and  twelve  in  all. 
Together  they  form  the  dihexagonal,  or  twelve-sided,  prism.  This  prism 
bevels  the  edges  of  the  prism  ^  and  the  vertical  edges  are  of  two  kinds, 
axial  and  diagonal.  The  values  of  n  must  lie  between  1  and  2  ;  some  of 
the  occurring  forms  are  i-|-,  t-i,  etc. 

Jlexagonal  jpyramidsy  or  Qtutrtzoida. — The  symbol  l=ic:  a:  a  belongs 
to  tlie  twelve  planes  of  the  unit  pyramid,  f.  148,  while  the  general  form 
m^TTio  :  a:  a  includes  all  the  pyramids  in  this  series  where  tne  length  of 
the  vertical  axis  is  some  multiple  of  the  assumed  unit  length.  As  m  the 
teti-agonal  system,  when  m  diminishes,  the  pyramids  become  more  and 
more  obtuse,  and  the  form  passes  into  the  basal  plane  when  m  is  zero  y 
while  as  m  increases,  the  pyramids  become  more  and  more  acute,  and  finally 
coincide  with  the  prism  /.  These  pyramids  consequently  replace  the  basal 
edges  between  O  and  7,  f .  149,  and  with  them  form  a  vertical  zone  of  planes. 

The  pyramids  of  the  m-2  series  have  the  same  relation  to  those  of  the  m 
series,  ]ust  described,  that  tlie  prism  i-2  has  to  the  prism  I.  They  replace 
tlie  basal  edges  between  i-2  and  O  (f.  145),  and  as  the  value  of  m  varies, 
give  rise  to  a  series  or  zone  of  planes  between  these  limits. 

The  pyramids  of  both  the  first  (m)  and  the  second  {m-2)  series  are  well 
shown  in  f.  150,  of  apatite.  In  the  first  series  there  are  the  pyramids  i,  1, 
and  2 ;  and  in  the  second  series  the  pyramids  1-2,  2-2,  and  4-2.     The  cor 
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responding  prisms  /and  t-2  are  also  shown,  and  the  zones  between  each  of 
them  and  tne  basal  plane  O  are  to  be  noticed.  Attention  may  also  be 
called  to  the  fact,  exemplified  here,  that  the  pyramid  2-2  truncates  the  ver- 
tical edges  of  the  pyramid  2  ;  also  1-2  truncates  the  vertical  edges  of  1 ; 
while  the  latter  form  (1)  also  truncates  the  vertical  edges  of  4-2,  as  is  seen 
in  f  .  147. 

Dihexagonal  pyra/mids^  or  BeryUoids. — The  general  form  rn/)\na\a 

fives  the  largest  number  of  similar  planes  possible  in  this  system,  which  is 
ere  obviously  twenty-fpur,  that  is,  two  m  each  of  the  twelve  sectants. 
These  pyramids  correspond  to  the  prisms  of  the  i-n  series,  and  form  the 
dihexagonal  pyramids,  or  berylloids,  as  in  f.  161. 

The  berylloid  has  three  kinds  of  edges :  the  axial  edges  X  ff.  151, 152). 
connecting  the  apex  with  the  extremity  of  one  of  the  axes ;  the  diagonal 
edges  Yy  and  the  basal  edges  Z 
3 
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In  tlie  np]>er  pyramid,  one  of  these  two  planes  for  each  sectant  may  b« 
distinguished  as  the  righi,  and  the  other  the  left,  as  lettered  in  f,  152 ;  and 
tlie  same,  after  inverting  the  cr}'8tal,  for  those  of  the  other  pyramid.  It  is  to 
be  obaerved  that  in  a  given  position  of  the  form,  as  that  of  f.  151,  the  right 


-of  the  npjmr  pyramid  will  be  over  the  left  of  the  lower  pyranaid,  and  the 
■reveree.  Fig.  163  repreaentB  the  planes  of  such  a  form  mrn  combined  with 
the  ntiit  prism  I,  and  the  planes  are  lettered  I,  r,  in  accordance  with  the 
.above.  In  1. 154,  of  a  crystal  of  berjl,  Uie  prism  /  is  combined  with  tho 
.pyramids  1,  2,  2-2,  and  the  berylloid  3-f 


B,  ffemikedral  Formt, 

I,  TsBTiOALLT  DiBBcr. — The  planes  of  the  npper  range  of  sectante  being 
in  the  same  vertical  zone  severaUy  with  thoee  below. 

(A).  Hermholohedral,- — Half  the  sectants  having  the  fall  number  of 
planes : 

1.  Trigonal  pyramids. — The  diametral  pyramid  wi-2  is  some*        IW 
times  tlius  hemihedral,  as  in  the  annexed  figure  (f.  155)  of  a  crys-        _. 
tal  of  quartz,  in  wflich  there  are  only  three  planes,  2-2  at  each  ^*Htf 
nxtremity,  and  eacn  of  those  above  is  in  the  same  zone  with  one  Cy  »  h] 
below.    Tlie  completed  form  would  be  an  equilateral  and  eymme-  !^o~— LJ 
irical  double  three-sided  pyramid.  xlJ' 

2.  Trigonal  jjt-mjtw.— The  occurrence  of  tbi-ee  out  of  the  six 

planes  of  the  prism  J,or  i-2,  produces  a  three-sided  prism.  The  prism  J 
IB  thus  hemihedral  in  tourmaline  (f.  156,  a  top  view  of  a  crystal),  and  the 
prism  t-2  in  quartz.  Both  these  forma  properly  belong  to  the  Eliorabo- 
hedral  division. 

3.  Ditrigonal prisms. — An  hexagonal  prism  hemihedral  to  the  dihexago* 
Dal  prism  occurs  in  quartz  and  tourmaline,  the  hexagonal  prism  sometimes 
having  only  the  alternate  vertical  edges  bevelled,  as  in  f .  186,  and  f.  186, 
p.  40. 

(5).  Holohemihedfral. — All  the  sectants  having  half  the  full  number  of 
p^nes: 

1.  ffemi-diha^oTud  pyramids. — Each  sectant  has  one  out  of  the  twa 
planes  of    Uic  dinexagonal  pyramid  (f.  161, 153) ;   this  is  itdicated  by 
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the  shading  in  f.  157.     The  occurring  plane  m&y  be  the  right  alxire  find 
Iftft  below,  or  left   above   and  right  below,   and  t^e  form  accordingly 


Apatite. 


either  rl  m-n,  or  Ir  m-n.  ExanipleB  of  the  first  of  these  occur  in  f.  158, 
representing  a  crystal  of  apatite,  the  planes  f  (3-|),  and  o'{i^)  being  of 
tins  kind.  This  metliod  of  tieniihedriem  occurs  only  in  formB  timt  are 
trne  hexagonal ;  it  is  often  called ^/^^ramit/a^  hemikedrigm. 

rt.  Tebtioallt  altkenatb,  the  planes  of  the  npper  range  of  sectants 
being  in  zones  alternate  with  those  below. 

M)  Jlemiholohedral  forma,  or  those  in  which  half  the  sectants  have  the 
fall  number  of  planes  ae  in  the 

BHOMBOnEDBAL   DlVIBION. 

1.  HhomiohidronSfand  their  rdatio-rt  to  Sexagonal  farme. — Tlie  rhora- 
bohcdron  is  derivabln  from  the  hexagonal  pyramid  by  a  suppreeaion  of  the 
alternate  planes  and  the  extension  of  the  otiiera.  In  f.  159,  if  the  shaded 
planes  in  front  and  the  opposite  ones  behind  are  snppressed,  while  the  others 
are  extended,  a  rhombohedron  will  be  derived.  This  ia  further  shown 
in  f.  160,  where  the  hexagonal  pyramid  is  represented  within  the  ihom- 
bohedron.  Another  similar  rhombohedron,  complementary  to  this,  would 
result  from  the  suppression  of  the  other  alternate  half  of  the  planes.  One 
of  these  rliomboheurons  is  called  minus,  and  the  otlier  plus  (f.  161, 163). 
The  form  in  f.  148  is  made  up,  under  the  rhombohedral  system,  of  -\-R 
and  —R  (or  +1  and  —1)  combined,  as  in  the  annexed  figure  (f.  163),  of  ft 
crystal  of  quartz. 
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Fig.  164BhowB  the  combination  of  the  rhombohedron  witli  the  pnsm  /; 
{»  f.  165  the  former  is  more  developed,  and  it  finally  passes  into  the  com 
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plete  rhombohedron,  f.  161.    In  f.  166  the  rhombohedral  planes  occur  on 
the  alternate  angles  of  the  diagonal  prism  i>2. 

The  symbol  of  the  unit  rhombohedron  as  referred  to  the  hexagonal  syfr 
tern  is  j^c  :  a:a),  s^  second  rhombohedron  may  be  i(2c  :a:  a)  and  so  on  : 
it  is,  however,  more  simple  to  write  only  H-i?  or  — i?,  and  +2-ff  or  — 2-ff,  and 
so  on ;  or,  where  there  is  no  confusion  witli  the  symbols  of  hexagonal  forms, 
as  -fl,  —1,  and  4-m,  — m. 
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This  hemihedrism  resulting  in  the  rhombohedron  is  analogous,  in  the 
alternate  positions  of  the  planes  above  and  below,  to  that  producing  the 
tetrahedron  in  the  isometric  system.  But  owing  to  the  fact  that  there  are 
three  lateral  axes  instead  of  two^  the  rhombohedron  has  its  opposite  faces 
parallel,  unlike  the  tetrahedron. 

In  f.  167  the  planes  H  belong  to 
the  rhombohedron  +1;  i  to  the 
rhombohedron  H-f ,  having  the  verti- 
tical  axis  f  c ;  6^  is  the  basal  plane, 
or  mathematically  the  rhombohe- 
dron 0,  the  vertical  axis  being 
Oc.  I  is  the  hexagonal  prism 
00 : 1  :  1,  or  more  properly  a  rhom- 
bohedron with  an  infinite  axis,  oo  c. 
On  the  opposite  side  of  /  the  planes 
are  rhombohedral,  but  belong  to  the 
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mzmca  senes ;  —f  has  the  vertical 
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axislo;  -4,4c;  —2,  2(? ;  -|,  |<j, 
this  last  being  complementary  to 
-l-f ,  and  the  same  identical  form,  except  that  all  the  parts 
are  reversed.  Fig.  168,  A-i,'  represent  different  rhombo- 
hedrons  of  the  species  calcite:  A,  the  rhombohedron  1; 
JBy  — i;  Oy  —2  ;  Dy  — f ;  E,  4  ;  having  respectively  for 
the  vertical  axis,  Ic,  ic,  2(?,  fc,  4c,  with  c= 0.8548,  the  lat- 
eral axes  being  made  eq^ual  to  unity.  In  f.  169  the 
rhombohedron  2  (or  2i5?)  is  combined  with  —1  (or  —  i^, 
the  latter  truncating  the  teroainal  edges  of  the  former. 

In  relation  to  the  series  of  +  and  —  rhombohedrons  it 

IS  important  to  note  that,  since  the  position  of  — ^Zff  is  that 

of  the  vertical  edge  of  +/^,  in  combination  with  it,  it  truncates  tI:.esG 

edges.    Similarly  +i^  truncates  the  same  edges  of  -^iS^  and  so  on. 
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Also  +^trnncatesthe  edges  of  —2^,  and  —R  the  edges  of  +  Sif  (f,  169), 
—ZR  truncates  the  edgea  of  +4^,  aud  so  on. 

2.  ScaUnohed/rons  ;  forms  hemihedral  to  the  dihexagonal  pyramid. — Aa 
the  rhombohedron  is  &  hemihedral  hexa^ual  pyramid  or  quartzoid,  so  a 
scalenohedron  is  a  hemihedral  dihoxagoiial  pyramid  or  berylloid.  The 
method  of  hemihedrisin  is  similar  by  the  suppression  of  the  plaues  of  the 
alternate  sectaiita,  as  indicated  by  the  shading  m  f .  170  (analogous  to  f.  159) 
aud  the  extension   of   th(»e   of  the   other  sectante.     A  scalenohedron  ii 


(Opreaented  in  f.  171,  a  hexf^nal  double  pjTamid  with  a  zig-zag  basal  oat- 
line,  and  three  kinds  of  edges ;  the  shorter  terminttl  edge  X,  the  longer 
terminal  edge  Y,  and  the  basal  edge  Z\  the  lateral  axes  terminate  in  the 
middle  of  the  edges  Z.  There  are  vlu8  and  minus  scalenohedrons,  as 
there  are  plus  an  J  minus  rhombohedrons,  and  they  bear  the  same  rela- 
tion to  each  other. 

The  relations  of  the  form  to  replacements  of  the  rhom-  vm 

bobedron  are  illustrated  in  the  other  tigiires.  Fig.  172  repre* 
Bents  a  rhombohedron  ^+1  or  R)  with  ita  basal  edges  bevel- 
led ;  and  this  bevelment,  continued  to  the  obliteration  of  the 
r Janes  R,  prodnces  the  scalenohedron  shown  by  the  dotted 
ines.  The  scalenohedron  in  f.  171, 172  has  the  vertical  axis 
eqnal  to  3c,  or  three  times  as  long  as  that  of  R,  the  lateral 
axes  of  both  being  equal ;  and  hence  it  is  that  the  planes  are 
lettered  1',  the  1  referring  to  the  rhombohedron  and  the 
index  *  being  tlie  multiple  that  gives  the  vahie  of  the  vertical 
axis  of  the  scalenohedron. 

In  f.  173  there  are  two  scalenohedrons  of  the  same  series, 
viz.,  1*,  1',  combined  with  the  rhombohedrons  R  {or  -l-l)  and 
+  4,     Fig.  174  shows  the  scalenohedron  —  1'  combined  with 
(he  rhombohedron  —4  (or  —\R) ;  and  175,  the  same  with  the  rhomboho 
drou  5  (-I-5E). 

Other  scalenohedrons  replace  the  basal  angles  of  a  rhombohedron  by 
two  similar  planes  (f .  1 76) ;  or  bevel  the  termmal  edges ;  or  replace  the 
terminal  solid  angles  by  six  planes,  two  to  each  terminal  edge,  or  to  eaofa 
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rhombohedral  face ;  a  id  they  will  be  relatively  +  or  — ,  according  to  their 
position  in  one  or  the  otlier  Bet  of  sectants,  as  has  been  explained.  Fig.  17V 
represents  tlie  top  view  of  a  crystal  of  touimaline.    It  contains  the  rhombc*- 
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hedral  planes,  -fl,|,  -V-,  — i,— |,  — f,  —2,  along  with  the  scalenohedi-ons  — i", 
— i*,  — i*,  1|,  1*,  and  also  two  others  bevelling  the  terminal  edges  of  the 
rhombohedron  B. 

The  BoalenohedroDB  — i',  — i*,  — i",  bevel  the  basal  edges  of  the  rhombohedron  — i ;  and 
oonaequentiy  the  leng^s  of  the  axes  are  respectiyely  2,  8,  5  times  that  of  the  rhombohedron 
i,  and  henoe,  equal  Ic,  f  0,  ie.  Every  8<»lenohedron  oorresponds  to  a  bevelment  of  the 
basal  edges  of  some  rhombohedron — and  that  partloular  one  whose  lateral  edges  are  parallel 
to  those  of  the  soalenohedron.  The  symbols  for  them  aocordfaigiy  are  made  np  of  the 
symbol  of  the  rhombohedron  and  an  index  whioh  expresses  the  relation  of  its  vertical  axis 
as  to  length  to  that  of  the  rhombohedron,  aooording  to  a  method  proposed  by  Naumann. 
(See  p.  72.) 

Hexa^nal  pyramids  of  the  97^2  or  diagonal  series  occur  in 
many   rhombohedral  species ;   as  f.  178  of  corundnm,  which 
contains  4-2(r),  4-2,  ^-2  (for  9-2  on  the  figure  read  if^2,  Klein), 
along  with  the  rhombohedron  1,  and  the  basal  plane  O ;  also 
f.  167,  in  which  is  the  pyramid  2-2.    Hemi hedral  forms  of  the 
same  pyramids  (of  the  kind  described  on  p.  34)  are  met  with  in 
rhombohedral  species,  but  only  such  as  have  also  tetartohedral 
modifications.    HemUiedral  forms  of  the  hexagonal  and  dihcx- 
Corandum.   j^qu^I  prisms  (p.  84)  are  also  chai-acteristic  of  some  j-hombohedml 
species,  and  of  those  that  have  either  tetartohedral  or  hemimorphic  modifi- 
cations. 

Fig.  179  iUnstrates  the  relative  positions  of  the  zones  of 
the  -h  and  —  rhombohedrons,  and  diagonal  pyramids  m-^ 
alternating  with  regions  of  -4-  and  —  s^enohedrons  in  the 
scheme  of  the  rhombohedral  system.  The  figure  is  supposed 
to  be  a  top  view.  It  is  similar  to  f.  163,  p.  &,  and  like  that 
contains  the  npper  planes  of  the  dihexagonal  pyramid;  bnt 
these  are  divided  between  a  fihu  and  a  minus  soalenohedron, 
those  planes  marked  +  being  tiie  former,  and  the  othera  (— )  the 
latter.  The  three  lateral  axes  are  lettered  each  hh.  The  posi- 
tion of  the  +  mR  zone  of  planes  (or  plui  rhombohedrons)  relativa 
to  the  scalenohedrons  is  shown  by  the  lettering  +i2;  of  the 
^mR  zones  (or  minu»  rhombohedrons)  by  —  R,  The  position  of 
the  vertloal  zone  of  m-2,  or  diametral  pyramidal  planes,  is 
indicated  by  the  letter  dL    The  order  of  saooession,  beginning 

with  one  of  the  pka  intenudal  sectants  (the  one  in  the  medial  line  below)  and  nomberiug  S 

Ii  is  as  follows : 


1 
\ 


HXXAOONAL  BTBTBlCi 


(1)  Flufl  ftonlenohedioiiB,  at  pUmes  of  Uie  general  fonn  +«!*. 

(2)  Zone  of  pins  xhombohecbronB,  +mR. 
(8)  Pins  soalenohedrons,  or  planes  of  the  general  form  +m°. 
(4)  Zone  of  diagonal  pyxamids,  i?»-3. 
(6«  Ulnns  scalenohedrons,  or  planes  of  the  general  form  —in". 

n.  •!    (6)  Zone  of  minns  rhombohedrons,  —mB, 

(7)  ICnns  Bcalenohedrons,  — m". 

(8)  Zone  of  diagonal  pyramids,  m-2. 
i    (9)  Plas  scalenohedrons,  +m". 

UL  <  (10)  Zone  of  plus  rhombohedrons,  +mi2L 
(  (11)  Pins  scalenohedrons,  +m'>. 
(12)  Zone  of  diagonal  pyramids. 
And  so  on  anmnd,  as  the  figure  illustrates.    In  the  lovfer  pyramid  the  order  of  snooession  it 
the  same ;  but  the  plus  pUmes  are  directly  below  the  nUniu  of  the  above  view  of  the  upper 
pyramid. 

The  plus  scalenohedrons  haye  the  pyramidal  edge  over  the  -{-mB  section,  the  mora 
obtose  of  the  two  (or  edge  2^ ;  and  the  nUaus  scalenohedrons  have  that  edge  the  less  obtest 
(or  edge  JT),  and  that  over  the  — mfi  section  the  more  obtuse  (or  edge  T). 

6.  Holohemihedral  forms,  or  those  in  which  all  the  sectants  have  half 
the  full  number  of  planes  (as  shown  bj  the  shading  in  f.l80). 

Gyroidal^  (vr  tra/pezohed/roL  forma, — Of  the  planes,  in  f,  181  there  would 
occur  only  those  lettered  r,  r,  above  and  below  ;  or  those  lettered  ?,  Z,  and, 
unlike  f.  157,  the  planes  above  and  below  are  not  in  the  same  zone.    The 
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fonn  is  consequently  gyroidaly  the  planes  being  inclined  around  the  prism, 
both  above  and  below,  and  in  the  same  direction  at  the  two  extremities. 
It  is  also  called  plagified/ral.  The  symbol  for  the  planes  is  rr  m-n,  or 
U  iTi^n,  according  as  the  occurring  planes  of  the  two  in  the  same  sector  are 
the  right  or  the  lefC,    Fig.  182  is  an  example  of  U  6-|-  in  the  species  quartz, 

0,  TetartohedraZ  Forms. 

These  forms  are  hemihedral  to  the  Bhombohedron. 

(A)  ffolomarphicformSy  like  the  preceding  hemihedral,  the  planes  occu^ 
ring  equally  in  the  upper  and  lower  I'ange  of  sectants. 

1.  jShirrnbohedral  tetartoJiedrism. — ^Occnrring  planes  the  alternate  of 
those  mentioned  on  page  35,  that  is,  the  alternate  planes  r  of  one  base. 
and  I  oi  the  other.    They  are  the  r  of  three  alternate  sectants  above,  and 
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the  I  of  three  sectants  below  alternate  with  these.  A  foiin  of  this  kina 
consists  of  six  equal  planes,  equally  spaced,  and  hence,  equal  in  inclina* 
tions,  and  is  therefore,  in  the  completed  state,  a-rhombohedron.  It  occurs 
in  menaccanite  or  titanic  iron,  and  in  quartz  (f.  183,  planes  IS-jf)- 

2.  Gyroidal  or  trapesohedral  tetartohedriam. — Occurring  planes  the 
alternate  of  those  lettered  rov  I'm  f .  153,  p.  34,  that  is,  the  alternate  plane€ 
r,  or  alternate  Z,  of  both  bases. 

188  184  185 


Quartz. 


QaartB. 
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In  f.  185,  the  ulanes  o\  d\  c?»",  o^",  d'  (4-J,  5-f  6-f,  8-^,  3.",  the  first 
four  rt^A^,  the  last  iefi)  are  examples.  The  upper  and  lower  of  a  kind  adjoin 
the  same  diametral  plane,  but  are  on  opposite  sides  of  it,  and  therefore  the 
three- sectants  containing  planes  below  are  alternate  with  the  three  above. 
The  solid  made  of  these  six  planes  (f.  184)  has  trapezoidal  faces,  and  is 
called  a  trigonotype  by  Naumann. 

The  tetartohedral  planes  on  quartz  and  cinnabar  have  a  I'emarkable  con- 
nection with  the  circular  polarization  which  is  characteristic  of  them 
both,  and  which  is  further  explained  elsewhere  (p.  142). 

(B)  Hemiinorjphio  forma;  the  planes  occurring  either  in  the  upper  or 
the  lower  range  of  sectants  and  not  in  both. 
There  are  two  kinds  of  forms :  (1)  the  Jiemi-rhombohedron^  and  (2)  the 

fiemirsccdenohedron.  Fig.  186  illustrates  each  of  these 
forms.  The  fqrm  R  is  properly  hemihedi*al  at  the  two 
extremities,  its  planes  being  very  large  at  one,  and 
quite  small  at  the  other.  So  with  —J.  Another  rhom- 
bohedron,  —2,  occurs  ordy  at  the  upper  extremity. 
A^ain,  \^  is  a  hemi-scalenohedron,  the  upper  six  planes 
being  present,  but  not  the  lower. 

The  prism  /in  this  figure  is  hemitiedral^  as  explained 
on  p.  34.  It  is  not  tetartohedral  to  the  hexagonal 
system  in  the  ordinary  view.  But  since  in  a  tertical 
zone  -hmH,  oo  H^  —mi?,  the  oo  li  may  be  regarded  as 
the  infinite  term  of  either  the  -{-mli  series,  or  else  the 
same  of  the  --mR  series;  and  as  this  view  accords  with 
the  tetartohedral  character  of  the  mR  series  in  all  such 
crystals,  it  might  be  ranked  among  tetartohedral  forms. 
From  the  same  p)int  of  view,  the  ditrigonal  prisms  in  tourmaline  and 
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qnaitz  are  tetartohedral,  since  they  may  be  regarded  as  either  plus  or  luinna 
tetartohedral  scalenohedrons,  with  an  infinite  vertical  axis. 

Variable  elements. — In  the  hexagonal  system  the  same  elements  are  van* 
able  as  in  the  tetragonal  (see  p.  30).  In  other  words,  the  position  of  the 
vertical  axis  is  fixed,  but  (1)  a  certain  length  ranst  be  assumed  as  the  unit 
in  a  given  species,  and  also  (2)  the  position  of  the  lateral  axes  must  be  fixed, 
for,  as  in  1. 144, 145,  either  of  the  hexagonal  prisms  may  be  made  /  and 
the  other  i-2. 

The  general  charoGterietica  of  this  system  which  the  student  must  be 
acquainted  with  are:  (1)  The  planes  constantly  occur  in  threes  or  sixes, 
or  their  multiples ;   (2)  The  frequency  of  the  angles  120®  and  150°  in  the 

Erismatic  series ;  (3)  The  rhombohedral  cleavage,  common  in  species  be- 
^nging  to  the  rhombohedral  division.  It  is  also  important  to  note  that 
many  lonns  apparently  hexagonal  really  belong  to  the  orthorhombic  system, 
being  produced  by  twinning  parallel  to  the  vertical  prism ;  d.^.,  the  appar- 
ently hexagonal  prisms  of  aragonite.  The  close  relation  of  the  two  systems 
is  spoken  of  elsewhere  (p.  46). 

The  planes  of  symmetry  for  the  holohedral  forms  are  analogous  to  those 
in  the  tetragonal  system ;  that  is,  one  principal  plane  of  symmetrv  normal 
to  the  vertical  axis,  and  six  others  intersecting  in  this  axis.  These  last 
belong  to  two  sets,  the  planes  of  the  one  cutting  each  other  at  angles  of 
60®,  and  diagonal  to  those  of  the  other. 


IV.— ORTHORHOMBIC  SYSTEM. 

In  the  Obthobhombio  system  the  three  axes  are  unequal  h^\&\  of  these 
h  is  the  vertical  axis,  T)  is  made  the  longer  of  the  two  lateral  axes,  or  the 
}nacrodiagonal  axis,  and  d  the  shorter  lateral,  or  brachydiagonalj  axis.^ 

The  different  occurring  forms,  deduced  ae  before  from  the  general  ex- 


pression,  arc: 

mo  mil  a 

mr^ 

m                           • 

{ coo  :  nb  :a 
\  000  :i  :na 

mcihina 

m-ii 

mo:b :  a 

[m] 

000  :h  :a 

[/] 

oihia 

CH 

000  :  b  :  ooa 

[*41 

mo:  aoo  :  a 

m-i 

000  :  ao5  :  a 

tr% 

mo  :  h  :  ooa 

mri^ 

Oo:b  :a 

iOI 

The  abridged  sfmbols  need  very  little  explanation  additional  to  that  given  on  p.  d5.  Aa 
befofe,  only  the  essential  part  of  the  symbol  is  g^ven ;  m  is  written  first,  and  refers  in  all 
ctsea  to  ihe  yertical  axis  (0),  and  n  refers  to  one  of  the  lateral  axes,  whether  the  longer  if) 
or  the  shorter  (d)  is  indicated  by  the  sign  placed  oyer  it,  as  n  or  n.  When  n=QO,  this  is 
'indicated  by  the  »  hitherto  used,  and  the  sign  is  placed  oyer  it,  I,  or  I,  with  the  same  signi- 
ftcation.  These  correspond  to  the  symbols  nsed  by  Nanmann,  as  follows:  0=0 P;  As= 
^PS>\  ^<=coi^;  aojP/i=i->i;  fnP36=m-l;  mP=i?i;  m-fismJR^  eta 

^  For  the  relation  of  the  axes  thns  lettered  to  those  of  Dana's  System  of  MinenJogy  and 
•t  oth«r  aatb>rs,  see  in  58. 
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A.  Molohedral  Fotvm, 


J*inacoids. — The  fiual  case  mentioned  in  the  above  ennmeratioQ  era- 
bi-aces,  as  before,  the  two  basal  planes,  or  basal  pinacoids ;  the  one  pre- 
oedini;  it  includes  the  two  planes  parallel  to  the  vertical  and  macrodiagonaJ 
axes  (<;  and  2>),  called  the  macrqptnacoids,  and  the  next  above  includes  tlie 
planes  parallel  to  tlie  vertical  and  braeliy diagonal  axes  (c  and  a),  called  the 
hrachypinaooida.  These  three  sets  of  planes  togetlier  foi-m  the  solid  in 
i.  ISS,  which  is  called  the  diametral  piisni.  In  consequence  of  the  ine- 
quality of  the  different  paiis  of  planes  there  are  only  four  similar  edges  in 
any  set;  tbos  four  similar  vertical  edges;  four  macrodiagunal  basal  edges, 
two  above  and  two  below,  between  0  and  i-l ;  and  similarly  four  bra«.3iy- 
dia^nal  basal  edges  between  O  and  i-i;  the  eight  solid  angles  are  all 
siniilar. 


^ 

t 

« 
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Prisms. — The  form  tao:b:  a,  or  J,  inclades  the  four  planes  of  the  unit 
prism  which,  in  combination  with  O,  is  seen  in  f.  187.  In  this  case  the 
eight  basal  edges  are  similar,  being  made  in  each  case  by  a  similar  pair  of 
planes  0  and  I.  Of  the  vertical  edges  there  are  two  paii-s,  those  at 
the  extremity  of  the  axis  &,  which  are  obtuse,  and  those  at  the  extremity 
(if  1>,  which  are  acute.  Similarly,  there  are  two  sets  of  basal  solid  angles, 
four  in  each;  for  though  each  solid  anele  is  formed  by  the  meeting  of 
the  same  three  planes,  the  angles  are  different  in  the  two  cases.  The 
form   I  replaces  the  four  similar  vertical  edges  of   f.  188 ;  the   macro- 

Einacoids  *-»  truncate  the  obtuse  vertical  edges  of  the  prism  /,  and  the 
raehypinacoids  t-Itrniicate  the  acute  vertical  eages  of  /,  as  shown  in  f.  189. 
There  are  two  other  series  of    prisms  with  symbols  ooc  :  nft  :  a  and 
■■KO'.h  :  na.    In  the  latter  series  the  axis  b  is  made  the  unit ;  the  reason  for 
this  will  be  obvious  when  the  relations  of  the  two  forms  ai-e  explained. 
The  piism  /  meets  both  axes  a  and 
180  IBl  }  at  their  unit  lengths,  as  in  f.187. 

If,  now,  the  prismatic  planes  meet 
the  longer  lateral  axis  (J)  at  a  greater 
distance,  a  prism  is  foi'tned  such  as 
that  in  f.  190,  whose  symbol  is  i-2,  or 
00  c  :  2^  ;  a.  Tbis  is  a  maciodiago- 
nal  prism  ;  and  others  might  have 
the  symbols  t-S  (qo  <! :  3d  :  a),  w  (co  c  :  4$  :  a),  and  so  on,  or  in  general  wE. 
If  n  becomesless  than  unity,  the  case  sliowii  in  f.  191  arises  where  the 
Inner  prism  has  n=i,  and  the  symbol  is  i-^  (oo  0 :  id  :  a),  still  retaining  S.  as 
the  unit  axis.  For  convenience  of  reference,  however,  the  principle  before 
explained  (p.  11)  is  made  use  of,  and  the  plane  is  called  oo  c  :  d  :  &>,  or  t'-i; 
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dieee  oxpreesions  and  those  before  given  being  identical,  except  tbat  in 
the  latter  case  i  is  the  unit  axis.  By  this  method  the  use  of  any  fractions 
less  than  unity  is  avoided.  The  inner  prism  i-J,  indicated  by  dotted  lines 
in  f.  191  y  then  becomes  the  outer  prism  or  i-S.  The  prisms  of  the  general 
form  i-^y  are  called  brachydiagoual  prisms. 

The  prisms  i-n  bevel  the  front  and  rear  (obtuse)  ed^es  of  the  prism  ij 
f.  192,  and  the  prisms  t-^  bevel  the  side  (acute)  edges  as  m  f .  193.  Further, 
the  former,  i-n,  replace  the  edges  between  i4  and  /  (f.  194),  while  the  i^ 
prisms  replace  the  edges  between  iri  and  /  (f.  194). 

This  series  of  planes  (f.  194),  from  iri  to  t-i,  is  another  example  of  a 
a>ne;  all  the  planes  make  parallel  intersections  with  each  other,  being  alike 
in  that  they  are  parallel  to  the  vertical  axis. 


in 


iim 


J?ome8. — ►The  form  mc:  oob :  a  includes  the  four  planes  whidh  are 

Sarallel  to  the  macrodiagonal  axis,  and  meet  the  vertical  axis  at  variable 
istances,  multiples  of  the  unit  length  (see  f .  84,  p.  11).  An  example  of 
them  in  combination  with  i-i,  the  brachypinacoid,  is  shown  in  f.  196. 
These  planes  are  called  macrodomes  (see  also  f .  196). 
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The  form  mc  \h  i  coa  includes  four  analogous  planes,  which  difiPer  in 
this  respect,  that  they  are  parallel  to  the  brachydiagoual  axis,  and  are  henoe 
called  oTOchydomea  (see  f.  35,  p.  11).  In  this  case,  the  longer  lateral  axis 
is  taken  as  the  imit.  Fig.  197  shows  two  such  brachydomes,  1-i  and  2-1^ 
in  combination  with  other  forms.  (See  also  f.  198.)  The  word  dome^  used 
here  and  above,  is  derived  from  hofArj^  or  domus,  a  hoiteey  the  form  resem- 
bling the  roof  oi  a  house. 

The  combination  of  1-5  with  l-i  is  shown  in  f.  199,  formingai'ectangular 
octahedron,  and  in  f.  200  they  are  shown  replacing  the  solid  angles  formed 
by  T  and  Oy  as  in  f .  188.  As  either  of  the  three  directions  may  be  made 
the  vertical,  it  is  evident  that  these  domes  differ  from  vertical  prisms  only 
in  poaitioD. 
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The  occnireiice  of  these  domeB  in  combination  with  the  other  forms,  O, 
i-t,  *-<,  i)  affords  an  iilnatratioD  of  the  law  of  Bjmmetry  that  all  similai 
parts  tnnst  be  modified  alike.     Thns  in  f. 
199  sou  187,  as  has  been  shown,  there  are  two  seta 

of  solid  angles,  fonr  in  eaoh ;  one  set  is 
replaced  by  tlie  four  planes  of  the  form 
fn-t,  and  if  one  is.  all  must  be ;  and  the 
other  set  (lateral)  is  replaced  by  the  foor 
planes  of  the  form  ml,  f.  300. 

Octahedrons  {or  Fyramida). — The  sym- 
bol fl  :  J  :«  (1)  belongs  to  the  nnit  octahedron  (f.  201).  It  replaces  the 
edges  between  the  pnsra  1  and  the  basal  plane  0  (f.  202).    It  also  replaces 


the  eight  similar  solid  angles  of  the  diametral  pi  ism,  as  in  f.  203.  Thii 
is  a  special  case  of  the  form  mo :  J  :  o,  in  which  m.  may  have  values  vary- 
ing from  0  to  03 .  Fig.  208,  of  sulphur,  shows  a  zona  of  such  planes,  of 
the  general  symbol  mc'.b-.a,  with  m=»  for  /;  also,  m=l,  m=^,  wi=^, 
t>i=\,  and  finally  in=0,  for  the  basal  plane  O. 


h^ 


r^^ 


Udifc. 


The  general  form  in  this  system,  consisting  of  eight  similar  planes,  may 
be  written  either  mc  ;  »£  :  a  («i-n)  or  mc  :b:na  {jn-H).  The  relation  be- 
tween the  two  is  the  same  ae  that  between  the  prisms  i-f;  and  t'-Vi.  Thus, 
iu  f.  204,  one  plane  of  the  octahedron  2o:2b  :  a  (2-2)  is  given,  and  also  one 
plane  of  another  octahedron  or  pyramid,  wliose  symbol  is  2fl  :  J  :  o  (2).  If 
n  becomes  IciS  than  unity,  as  i,  the  plane  has  the  symboi  2c  :  Ji  :  a  (2-j). 
In  order  to  avoid  this  use  of  fractions  the  symbol  is  written  ic  :  b  :  2(f, 
that  is,  4-!.  The  plane  is  shown  in  f.  205,  in  its  two  positions  correspond- 
ing to  2o  :  !&  :  a,  and  lo  :  }  :  3a,  the  two  being  crystallograpliically  iden- 
lioal 
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ThtiA  there  are  two  series  of  pyramidal  planes :  a  inacrodiagoval  ^?7irn) 
where  the  shorter  axis  is  taken  as  the  unit,  and  a 
hradiydiagonal  (?7i-ft),  where  the  unit  is  the  longer 
lateral .  axis ;  and  between  the  two  lie  the  unit 
octahedron  (1)  and  those  of  the  m  series,  just  as 
the  prism  /  lies  between  the  prisms  iru  and  i-^. 
The  macrodiagonal  planes  1-S  and  2-2  are  shown 
in  f .  206  and  ?.  207.  It  is  also  seen  in  f .  207  that 
the  planes  2-2,  >^-i,  2-2  all  make  parallel  intersec- 
tions with  each  other  and  with  i-i^  being  an 
example  of  a  zone  where  the  ratios  of  the  ver- 
tical axes  are  the  same.  Further  orthorhombic 
fonns  are  displayed  in  f.  208,  of  sulphur,  already 
referred  to..  The  f nil  symbol  of  the  plane  1-S  is 
<?:  ft :  Sow 


Snlphnz; 


B.  Hemihechral  Forms. 


The  hemihedral  forms  that  have  been  observed  are  of  two  kindo :  1, 
The  vertically-obliaue  (p.  14),  producing  monodinio  forms;  and  2,  the 
hemvmorpAiCj  in  which  tue  planes  of  the  octahedrons  or  domes  of  one  base 
have  no  corresponding  planes  at  the  opposite  extremity.     The  former  kind 
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Hnmito. 


Humite. 


Calaxninr. 


is  illustrated  in  f.  209,  of  the  species  chondrodite  (var.  humite,  type  111). 
Fig.  210  represents  the  hglohedral  form  of  the  same ;  the  planes  f-i,  1-i, 
2-i,  are  of  macrodomes  ;  4-*j  i"^?  4"*}  ^tj  of  brachydomes  ;  and  the  others  of 
various  octahedrons,  mostly  in  two  vertical  zones,  the  unit  zone  {mo  :  b  :  a\ 
and  the  1 :  2  zone  {ma  :  2b  :  a).  In  f .  209  the  alternate  of  the  macro- 
domes  and  of  the  octahedral  planes  of  the  1  :  2  zone  are  absent  in  the 
upper  half  of  the  form,  and  are  present  without  those  with  which  they 
alternate  in  the  lower  half.  The  crystal  consequently  resembles  one  under 
the  monoclinic  system. 

Datolite  was  formerly  cited  as  a  hemihedral  orthorhombic  species,  but  it 
has  been  found  to  be  reidly  monoclinic  Furthermore,  it  has  been  recently 
shown  by  the  author,  by  reference  to  the  optical  properties^  that  the  chon 
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drodite  of  the  second  and  third  types  (see  p.  337)  is  not  orthoihombic  bn( 
monodinicj  and  this  mast  be  true  also  of  humite.'^ 

Hemimorphic  forms  characterize  the  species  fcopaz  and  calamine.  The 
latter  (in  f .  211)  has  only  the  planes  of  a  hemioctahcdron  at  one  extremity. 
and  planes  of  hemidomes  at  the  other.  For  the  pyro-electric  properties  of 
Bnch  forms,  see  p.  169. 

Variable  elements. — ^In  the  orthorhombic  system  the  lengths  of  the  three 
axes  ai-e  variable,  thonish  their  position  is  fixed,  and  after  these  ai*e  fixed 
the  choice  of  one  for  tob  vertical  axis  must  be  arbitrarily  made.  In  other 
words,  given  an  orthorhombic  crystal,  the  three  i*ectangular  directimis  are 
fixed,  but  tipo  assumptions  must  be  made  which  will  matliematically  deter- 
mine the  length  of  two  of  the  axes  in  terms  of  the  third.  For  instance, 
in  a  crystal,  if  certain  occurring  domes  are  adopted  as  the  unit  planes  1-i 
and  I'iy  this  will  determine  the  relative  lengths  of  the  three  axes,  for 
which  two  measurements  will  be  necessary ;  or,  if  an  occurring  octahe- 
dron is  assumed  as  the  unit  octahedron  (1,)  this  alone  will  obviously  fix  the 
axes ;  but  here,  also,  two  independent  measurements  are  necessary  in  order 
to  enable  us  to  calculate  their  length,  as  is  explained  later,  p.  74.  Hav- 
ing determined  upon  the  relative  lengths  of  the  axes,  ono  of  these  must  be 
made  the  vortical  axis  (c),  and  then,  of  the  .two  remaining,  the  shorter  will 
be  the  brachydiagonal  (a),  and  the  longer  the  macrodiagonal  axis  (b). 

In  deciding  these  arbitrary  points,  the  following  serve  as  guides :  The 
habit  of  the  crystals;  the  relations  of  the  given  species  to  those  allied  in 
composition;  the  cleavage,  which  is  regarded  as  pointing  to  tluit  form 
which  is  properly  fundamental ;  and  other  considerations.  How  arbitrary 
the  choice  generally  is  is  well  shown  by  the  fact  that,  in  a  considerable 
number  of  species  belonging  to  this  system,  different  lengths  of  axes,  as 
also  diftVrent  positions  for  them,  have  been  adopted  by  different  authors. 
Where  an  optical  examination  can  be  made  of  an  orthorhombic  ciystal, 
the  results  show  what  the  true  position  of  the  axes  is,  in  accordance  with 
the  principles  proposed  by  Schrauf .  This  subject  is  alluded  to  again  in  its 
proper  place  (p.  151). 

The  gmeral  characteristics  of  the  crystals  of  this  system  are  not  so 
marked  as  those  of  the  preceding  systems.  The  kind  of  symmetry  should 
be  well  understood,  though,  as  remarked  on  p.  50,  crystals  which  are  in 
appearance  orthorhombic  maybe  really  raonoclinic;  the  true  test  of  the 
system  is  to  be  found  in  the  three  rectangviar  axial  directions.  A  pris- 
matic habit  is  very  common,  the  prisms  (except  the  diametral  prism)  not 
being  square,  also  the  prominence  of  some  of  the  most  commonly  occur- 
ring maci'odomes  and  orachydomes ;  a  prisn^tic  cleavage  is  common, 
and  often  a  cleavage  exists  parallel  to  one  of  the  pinacoids  {e.g.y  i4) 
and  not  to  the  other,  which  cxDuld  not  be  true  in  the  tetn^nal  system  ; 
similarly  the  planes  t4,  iri  are  sometimes  physically  different,  e.g,^  in 
regard  to  lustre. 

As  has  al]*eady  been  remarked,  forms  apparently  hexagonal  are  common 
among  certain  species  belonging  to  this  system ;  this  is  true  in  those  cases 

*  Bfaioe  the  above  paragraph  was  put  into  type,  Dee  Gloiaeanz  has  annoiinoed  that  oil  optf* 
cal  inyestigation  by  him  has  proved  that  hamite  crystalB,  of  types  II.  and  IIL,  are  leaUy 
mowKiiTvU^  aa  soggested  above.     The  figares  are  allowed  to  remain,  however,  since  they  iUna 
timta  the  form  which  this  meil.od  of  hemihedzism  wnM  prodnoe. 
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where  the  prism  has  an  angle  approximating  to  120^  It  is  immediately 
evident,  as  is  explained  more  thoroughly  in  the  chapter  on  compound 
crystals,  that  if  three  individnal  crystals  are  united  each  by  a  prismatic 
face,  when  the  prismatic  angle  is  near  120°,  they  will  form  together 
a  six-sided  prism,  approximating  more  or  less  closely  to  a  regular  hexa 
gonal  prism.  Simila  *ly,  under  the  same  circumstances,  the  correspond 
mg  pyramids  will  thus  together  fonn  a  more  or  less  symmetrical  hexagonal 
pyramid.  This  is  illustrated  bjr  the  accompanying 
ngnres  of  witherite,  where  the  prismatic  angle  is  118  , 
80^  It  need  hardly  be  added  that  this  is  true  in 
general,  not  only  of  the  vertical  prism,  but  also  of  a 
raacrodome  or  brachydome,  having  an  an^le  near  120^. 
The  optical  relations  connected  with  this  subject  are 
alluded  to  elsewhere,  p.  151. 

Planes  of  Symmet/ry. — The  three  diametral  planes 
are  planes  of  symmetry  in  this  system,  and  they  are  the  only  ones. 
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V.—MONOOLINIC  SYSTEM. 

In  the  MoKooLnno  ststeic  the  three  axes  are  un* 
equal  in  length,  and  while  two  of  them  have  roctan* 
gnlar  intersections,  the  third  is  oblique.  The  position 
usually  adopted  for  these  axes  is  as  shown  in  f.  214, 
where  the  vertical  axis,  c,  and  lateral  axis,  £,  make 
rctangular  intersectionu,  The  same  is  true  of  b  and 
a,  while  c  and  d  are  oblique  to  one  another. ' 

The  following  is  an  enuinei*ation  of  the  several 
distinct  forms  possible  in  this  system*  deduced,  as  be- 
fore, from  the  general  expression : 


— fw?  I  Tibia 

— W**7l 

-^rmc  inbia 

[+m-n 

^mo  lb  :na 

•^fjt-n 

-^mo  ibina 

+  I71-A 

--mo  lb  I  a 

[-m] 

^o:b  la 

[-1] 

+mc  lb  I  a 

[+m 

-^cib  I  a 

[+i: 

mcib :  <x>a 

_^7*-t_ 
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"^mo  :  00  J  : 

a 

•^m^t 

•^-moi  cob : 
coo  inbia 

a 

[irfh] 

^oibina 
x>o\bia 
tool  cob :  a 

] 

cooibi  coa 
Ooibia 

The  abridged  ^ymbolB  cortMpond  to  those  in  tlie  orthorbombic  syBtem,  explained  on  p.  40. 

In  only  pcuit  to  be  noted  is  that  where  n  or  »  relates  to  the  clhiodiagonal  axis^  d,  this  is 
Mfawti^  yxj  an  accent  placed  over  it,  as  m-i,  m-ii ;  but  in  m-i^  and  m-n,  etc.,  %  and  n  refet 
lo  the  orthodio^onal  axis.  Hanmann  wrote  these  mPfio ,  and  mP/l,  or  else  with  the 
asoent  aoroaa  the  initial  letter  P.  The  minus  signs  are  nsed  in  the  same  way  as  by  Naomana 
(pee  p.  76). 

Pinaootds. — ^As  in  the  orthorhombic  system,  there  are  three   pairs  of 
ptnacoidal  planes :  the  base  O^Oc  :bia;  the  orthopinacoidy  parallel  to  the 
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ortho-axis  Q>)  ao'o:  cob  :  ajOr  i-i ;  and  the  dinopinaooidy  parallel  to  the  in 
clined  axis  {d)j  oo  <? :  5  :  oo  a,  or  i-i. 

In  the  solid  (f.  216)  or  diametral  prism  formed  of  these  three  pairs  oi 
planeo,  the  four  veitical  edges  are  similar,  and  this  is  also  true  of  the  four 
edges  between  O  and  i-i.     On  the  other  hand,  the  four  remaining  edges  are 
of  two  sets ;  that  is,  the  edge  in  front  above  is  similar  to  the  edge  be- 
hind and  below,  for  the  angles  are  equal 
and  inclosed  by  similar  planes ;   but  these 
edges  are  not  similar  to  the  remaining 
two,  since,  though  the    planes    are  the 
same,  the  inclosed  angles  are  unequal  to 
the  former.    Further,  there  are  two  seta 
of  solid  angles,  two  in  front  and  two  dia- 

fonally  opposite  behind,  being  alike  ob- 
e  and  acute. 
Prisms. — In  consequence  of  the  similarity  of  the  vertical  edges  of  tho 
diametral  prism,  they  must  all  be  replaced  if  one  is  ;  this  is  done  by  the 

unit  prism  /(oo  c  :  i  :  a),  in  f.  215,  217. 

Oi  the  other  prisms,  each  obviously  consist- 
ing of  four  planes,  there  are  two  series,  the 
orthodiagonal,  i-n,  and  clinodiagonal,  i-h^ 
bearing  the  same  relation  to  each  other  as 
the  macro-  and  brachy-diagonal  prisms  in 
the  orthorhombic  system,  in  fact,  the  same 
explanation  may  be  made  use  of  here.  Fig. 
217,  of  a  crystal  of  datolite  from  Toggiana, 
shows  the  pinacoid  planes,  as  also  tnie  unit 
prism,  /,  and  the  clinodiagonal  prism,  i-^. 

dmodomes. — The  form  m-i  (mc  :b  :  ooa) 
includes  the  four  planes  parallel  to  the  clino- 
diagonal axis,  and  meeting  the  others  at  variable  distances.  They  ai-e  analo- 
gous to  the  brachydomes  of  the  orthorhombic  system.  There  are  four  of 
these  planes,  because  the  two  axes,  c  and  &,  make  rectangular  intersections. 
This  is  also  seen  in  f.  218,  since,  as  has  been  remarked,  the  four  clino- 
diagonal edges  in  f .  215  are  similar,  and  hence  are  simultaneously  replaced 
by  these  clinodomes. 
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Orthodomea. — Of  the  general  form,  ?7i<? :  oo  J  :  a,  there  are  two  seta  of 
planes,  two  in  each  (hemi-orthodomes),  both  of  which  are  alike  in  that  they 
are  parallel  to  the  orthodiagonal  (b)  axis  (see  f .  219).  They  are  unlike,  how< 
ever,  in  that  two  are  opposite  an  obtuse  angle,  and  two  opposite  the  acute 
angle.    Consequently  these  two  pairs  of  planes  are  distinct,  and  must  occur 
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independently  of  each  other.  To  distinguiah  between  them,  those  belonging 
to  the  obtuse  eectants  receive  l^e  minus  sign  (— m-i),  and  those  belonmng 
to  the  acute  sectants  the  plus  sign  (+m-*),  f.  219.  This  same  point  is  illus- 
trated by  £.  220y  where,  as  has  been  remarked,  the  obtuse  edges,  above  in 
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front,  and  below  behind,  are  similar,  and  are  hence  replaced  by  planes  of 
the  —m-i  series,  while  the  remaining  two  (f.  221),  are  also  similar,  and  are 
replaced  by  +7nri  planes. 

Memiroctahedrons. — The  same  distinction  of  plus  and  minus  belongs  to 
all  the  pyramidal  planes,  and  the  signs  are  used  in  the  same  way.  Foi 
each  form  there  are  only  four  similar  planes. 

The  m  series  is  that  of  the  unit  octahedrons,— properly  hemi-octahe- 
drons,  or  hemi-pyramids  +m  and  — m.  The  form  made  up  of  +1  and  —1 
is  seen  in  f .  223,  and  in  f .  222  the  same  planes  are  in  combination  with  the 
three  pinacoids. 

The  general  form,  +m-n,  — m-n,  and  H-m-A,  —  m-A,  give  each  four  simi- 
lar planes.  They  bear  exactly  tlie  same  relation  to  each  other  as  the  m-n 
and  m-^  of  the  orthorhombic  system,  so  that  no  additional  explanation  is 
needed  here  in  regard  to  them. 

The  figure  (f.  217)  of  datolite  may  be  referred  to  for  illustrations  of  the 
different  forms  which  have  been  named.  There  are  here  three  different 
clinodomes  ^i,  24,  and  44,  each  comprising  four  planes ;  a  minus  homi- 
ortliodome  (opposite  the  obtuse  angle),  —  2-i,  and  also  a  plus  orthodomc, 
-f2-i  (these  two  planes  are  quite  distinct,  though  numerically  the  symbols  are 
the  same) ;  moreover,  of  hemi-octahedrons  oi  the  unit  series,  there  are  —4, 
— f,  and  -1-4,  h-2,  +^,  +  1,4-^,  H-f ;  also  of  orthodiagonal  pyramids,  —4-2, 

—6-3,  also  +2-2,  and  of  clinodiagonal  planes,  — 8-i,  and  +12-4.  A 
careful  study  of  a  few  such  figures,  especially  with  the  help  of  models,  will 
give  the  student  a  clear  idea  of  the  symmetry  of  this  system.  It  will  be 
noticed  that  all  the  planes  above  in  front  are  repeated  below  behind,  and 
those  below  in  front  appear  again  above  behina.  More  important  than 
this,  it  will  be  seen  that  the  clinodiagonal  diametral  plane  divides  the  crys- 
tal into  two  symmetrical  halves,  right  and  left;  in  other  words,  as  remarked 
later,  it  is  a  plane  of  symmetry. 

JSemihedral  forms  occur  of  a  hemimorphio  character,  in  which  the  planes 
about  the  opposite  extremities  of  the  vertical  axis  are  unlike ;  thus,  the 
planes  of  one  or  more  hemi-pyramids  may  occur  at  one  extremity,  witliout 
those  corresponding  at  the  other,  as  in  tartaric  acid,  ammonium  tartrate,  etc 

With  many  raonoclinic  crystals  the  obliquity  is  obvious  at  sight ;  but  with 
«Qany  others  it  is  slight,  and  can  be  deteimined  only  by  exact  measurements. 
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In  datolite  it  is  only  six  minates.  The  character  of  the  Bymmetry  exhibits 
further  the  obliquity.  But,  as  seen  above,  both  +  and  —  planes  or  the  same 
value  do  occur  together,  and  though  they  are  really  distinct  yet  thev  may 
give  a  monoclinic  crystal  the  aspect  of  an  ortJiorfuymMo  crystal.  On  tha 
other  hand,  true  orthorhombic  cr}'stals  may  be  hemihedral,  and  thus  may  be 
monodmic  in  the  character  of  the  symmetry  (p.  45). 

Varidble  elements. — In  the  monoclinic  system,  the  only  element  which  is 
fixed  is  the  position  of  the  orthodiagonal  axis  {b)  at  right  angles  to  the  plane 
in  which  the  other  axes  must  lie.  The  lengths  of  these  axes  must  obviously 
be  assumed  in  the  same  wav  as  in  the  preceding  system ;  but,  further  than 
this,  their  position  in  the  given  plane,  and  the  angle  they  make  with  each 
other,  are  both  arbitrary ;  in  other  words,  any  plane  in  the  zone  at  ri^ht 
angles  to  the  clinopinacoid  may  be  taken  as  the  base  (0)  and  any  omer 
as  the  orthopinacoid  H-i).  The  existence  of  a  prismatic  cleavage,  or  one 
parallel  to  a  plane  in  tne  orthodiagonal  zone  often  points  to  the  planes  which 
are  really  to  be  considered  fundamental.  In  many  cases  it  is  considered 
desirable  to  assume  an  angle  near  90°  as  the  angle  oi  obliquity,  so  as  to  show 
the  degree  of  divergence  from  the  rectangular  type,  it  need  hardly  be 
added  that  authorities  differ  widely  both  as  to  the  position  and  lengths 
given  to  the  axes  of  the  same  species. 

Plane  of  symmett'y. — Monoclinic  crystals  have  but  one  plane  of  sym- 
metry, the  diametral  plane  in  which  the  vertical  and  clinodiagonal  axes 
lie,  that  is,  the  plane  parallel  to  the  clinopinacoids.  The  maximum  num- 
ber of  similar  planes  for  any  form  is  four,  and  it  will  be  noticed  that 
there  is  no  single  form  which  alone  can  enclose  a  space,  or  form  a  geome 
^ical  solid. 
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In  the  Triclinic  SYSTEM  the  three  axes  are  unequal,  and  their  intersections 
are  mutually  oblique*  In  consequence  of  this  fact,  there  is  no  plane  of 
symmetry.  Only  diagonally  opposite  octants  are  similar ;  there  can  conse- 
quently be  only  two  planes  of  any  one  kind.  There  are  no  truncations  or 
bevelments,  and  no  interfacial  angles  of  90**,  135^  or  120°.  The  prisms 
are  all  hemipriamsy  and  the  octahedrons  tetarto-octaJied/rons. 

The  lateral  axes  are  called  the  maa^odiaaonal  (?),  and  the  hrachydiago- 
nal  (d).    In  f .  225  the  diametral  prism  (made  up  of  three  pairs  of  different 
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planes)  is  represented,  and  in  f .  224  the  unit  prism.  To  the  latter  is  added 
(in  f.  226)  one  plane  —1  on  two  diagonally  opposite  edges,  which  are  two 
out  of  the  eight  of  the  unit  octahedron  (t.  227).    This  octahedron,  as  will 
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he  8aen,  is  made  up  of  fov/r  sets  of  difiFerent  planes.  The  different  kinds 
of  planes  are  distingaished  by  the  lon^  or  short  mark  over  the  n  (/T  or  ^) 
and  also  by  giving  those  which  occur  in  the  right-hand  octants,  in  front, 
an  accent ;  those  above  (in  the  obtnse  octants)  are  minus,  and  the  others 
plus.  The  form  in^  consequently  may  be  —m-ii%  or  —mrii^  -{-nir^^  oi 
4-?/*-^ ;  and  similarly  with  m-zl.  In  f.  228  the  unit  prism  is  combined  with 
a  hemidome  and  a  vertical  plane  parallel  to  the  brachydiagonal  section. 

The  forms,  although  oblique  in  every  direction,  may  still  be  closely 
similar  to  monoclmic  forms  of  related  species. 
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Anorthite. 


Axinite. 


The  annexed  figures  are  of  triclinic  species.  In  f .  229,  of  anorthite,  of 
the  feldspar  group,  the  form  is  very  similar  to  those  of  the  monoclinio 
feldspar,  orthoclase ;  in  orthoclase,  O  on  the  brachydiagonal  (clinodiaffonal) 
section  is  90^,  whence  it  is  monoclinic,  while  in  anorthite  this  angle  is  85 
60',  or  4**  10'  from  90**,  and  this  is  the  principal  source  of  the  diversity  of 
angle  and  form. 

Fig.  230  represents  one  of  the  crystalline  forms  of  axinite,  nearly  all  of 
whinn  fail  of  any  special  monoclinic  habit 
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Introductory  rema/rks  on  the  proper  symbol  of  ecu^  plane  of  a  general 
crystaUme  form. — Hitherto  the  symbol  vricinh*.  a  has  been  employed  to 
express  the  general  position  of  all  the  planes  comprising  any  crystalline 
form,  and  it  has  been  shown  that  there  are  in  some  cases  forty- eight  similar 
planes  answering  to  the  general  symbol,  and  in  other  cases  only  two.  In 
order,  however,  to  express  the  exact  position  of  each  individual  plane  be- 
longing to  such  a  form,  it  becomes  necessary  to  resort  to  the  methods  of 
analytical  geometry.  As  shown  in  f.  231,  tne  portions  of  the  axes,  when 
the  centre  is  the  starting  point,  which  lie  above,  to  the  right,  and  in  front 
of  the  centre,  are  called  plus  (-H) ;  the  corresponding  portions  of  tlie  axes 
measured  from  the  centre  helow,  to  Uie  lefty  and  hehina,  are  called,  for  the 
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Bake  of  distinction,  min/iM  (~).  The  planes  of  the  firat  quadraLt  (see  also 
f.  232)  are  all  positive  (+);  the  planes  of  the  second  positive  (+)  with 
reference  to  the  axes  c  and  ay  but  negative  (— )  with  reference  to  6 ;  in  the 
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third,  both  lateral  axes  are  negative  (— ) ;  in  the  fourth  quadrant  the  planes 
are  positive  in  regard  to  o  and  b,  but  negative  with  respect  to  a.  The 
lower  quadrants  are  respectively  similar,  except  that  the  vertical  axis  is 
always  negative.  The  symbols  for  each  plane  of  the  orthorhombic 
octahedron  (f.  231),  taken  in  the  same  order,  will  be  as  follows  ; 

Above,  +(? :  +  J  :  -f  tf ;  -f  <j :  —  J  :  -\-a ;  +o:  —h:  —a ;  +c :  +  J  :  —a. 
Below,  —c:  +b:  +a;  — c  :  —  J  :  +a;  — c:  — J  :  —a;  —c:  +&  :  —a. 

The  bexoctahedron  {tna  :na:  a)  may  be  taken  as  another  example.  Thei 
general  symbol  of  the  form  of  f .  247,  p.  64,  is  3-f  {Sa  :  fa  :  a),  but  the 
symbol  of  each  plane  is  distinct  The  same  principle  applies  hei'e  as  in  the 
other  case.  Several  of  the  planes  in  f.  247  are  numbered  to  allow  of 
convenient  reference  to  them  as  examples,  the  appropriate  symbols  are 
written  below;  the  order  in  the  symbols  is  the  same  as  that  uniiormly  used 
in  the  work:  Ist,  the  vertical  axis  (c);  2d,  the  lateral  axis  extending  right 
and  left  (b) ;  and  3d,  the  lateral  axis,  in  front  and  behind  {a). 


c  b  a 
1  =  3a  :  |«  :  a 
2.  =  fa  :  3a  :    a 

3  =    a  :  3a  :  fa 

4  =    a  :  ^:3a 

5  =  |a  :   a  :  3a 


6  = 

7  = 

8  = 

9  = 
10  = 


c 

8a 
-3a 
-3a 

-3a 


b     a 

a :  fa 
fa:   a 

a :  fa 
—3a :  a 
—fa  :    a,  and  so  on. 


It  will  be  evident  from  these  examples  that  to  express  the  position  of 
an  individual  plane  the  numbera  expressing  its  relations  to  the  three  axes 
must  all  bo  regarded,  each  with  its  appropriate  sign ;  in  other  words,  the 
values  of  m,  n,  r,  in  the  general  form,  mc  :  nb  :  7*a,  must  all  be  given,  one 
of  them  being  unity:  m  always  refers  to  the  vertical  axis,  c;  n  to  the 
lateral  axis,  b;  rto  tne  lateral  axis,  a ;  as  has  already  been  remarked,  a 
is  usuallv  made  the  uxdt  axis.  In  the  example  last  given  the  axes,  being 
all  equal,  are  all  called  a. 
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Seferenoe  mugt  bo  made  hexe  to  the  method  of  lettbzinp  the  ales  adopted* in  this  work. 
The  QBage  of  the  majority  of  aathom  is  followed^  and  the  sabjoct  is  illustrated  in  the  fol* 
lowing  table. 

Isometzia       Tetrng.  (H«ixag.)         OTtharhombio.  Txicdinia  Monoeiinio. 

Tert.        l«t.       fett,   maorodiag.  brvohydiag.     Tort.  ortbodiag  oUnodlac*. 

Oommon  usage. ) 

This  work       [  ^                6  a         i  h  d              e          b             d 

(Weiss,  Bose.) ) 

Miller's  Sohool,  d  e  a  b 

Mohs,  Nanmann,  a               a  a  b  e 

Dana  (System  1868)  a               a  a  6  b 

It  is  oertainly  Tery  desirable  to  indioate  to  whioh  axis  eaoh  letter  refers  by  the  maik 
plaoed  above  it ;  in  doing  whioh,  we  follow  Klein*  s  Birdeitung  in  die  KrjfstaUbereehnung, 


1 


DBTEBHIKATION  OF  PLANBB  BT  20HB8. 


The  subject  of  zones  has  been  briefly  explained  on  page  4,  and  various 
examples  have  been  pointed  oat  The  principle  is  one  of  the  highest  im- 
portance, both  practically,  since  it  gives  the  means  of  determining  the 
symbols  of  many  planes  without  calculation,  and  also  theoretically.  The 
law  of  zonesj  which  states  simply  that  the  planes  of  a  crystal  lie  in  zones; 
is  one  of  tlie  most  important  of  the  science,  and  second  only  to  tliat  of  the 
rationality  of  the  indices.  The  planes  of  a  crystal  thus  may  be  said  to  be 
connected  together  by  these  zones,  a  single  plane  often  lying  in  a  large 
number  of  zones. 

Parallelism  in  the  combination  edges,  or  mutual  intersections  of  planes, 
is  based  upon  some  common  geometrical  ratio,  ai)d  this  common  ratio  b(» 
longs  to  the  symbols  of  all  the  planes  of  the  zone. 
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AU  planes  whioh  lie  in  the  same  sone  will  give  exactly 
paxaUel  reflections  with  the  refleotiye  goniometer,  as  explained 
on  p.  87.  This  is  the  only  decisiye  test,  and  when  possible 
shoidd  be  made  use  of,  since  combination-edges  often  appear 
paraUel  when  the  planes  forming  them  are  not  really  in  the 
same  sone.  Fnrthermore,  inasmnch  as  parallel  intersections 
are  observed  between  planes  of  a  zone  only  when  they  actnally 
intersect,  the  goniometer  may  often  serve  to  detect  the  ex- 
istence of  sones  not  otherwise  manifest. 

In  f.  194,  p.  43,  the  planes  i-t,  i-3,  /,  i-S,  irl^  all 
lie  in  a  vertical  zone,  and  they  are  all  obviously 
alike  in  this,  that  they  are  parallel  to  the  vertical 
axis ;  in  other  words,  the  common  value  o  =  go  be- 
longs to  them  all.  Again,  in  the  zone  Oy  l-{,  2-1, 
j-{,  etc.  (f.  197,  p.  43),  the  planes  are  alike  in  that 
they  are  all  parallel  to  the  brachydiagonal  axis ;  in  other  words,  d^  =  oo  is 
true  of  all  oi  them.  Still  again,  the  pyramidal  planes  i,  1,  2  (f .  150,  p.  33). 
are  also  in  a  zone  between  O  and  /,  and  here  tne  ratio  1  : 1  for  the  lateral 
axes  applies  to  all ;  also,  1-2,  2-2,  4-2,  are  in  a  zone  f i*om  O  to  ^'-2,  and  for 
them  the  lateral  axes  have  the  ratio  1:2.  In  the  case  of  an  oblique  zone, 
as  i-ij  3-5,  2-S,  1,  etc.  (f.  233),  this  fact  is  less  evident  on  inspection,  but  is 
equally  true,  as  will  be  seen  later.    The  comnion  ratio  in  this  case  is  ?»  =  r« 

Since  all  the  planes  of  a  zone  have  a  oomiron  ratio,  which  has  beeo 
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shown  to  be  true  in  several  examples  bnt  also  admits  of  rigid  pro<)f, 
it  is  eddent  that  a  plane  which  lies  in  two  zones  has  its  position  deter- 
mined by  tliat  fact,  since  it  must  answer  to  two  known  conditions.  In 
other  words,  the  algebraic  equation  of  a  zone  is  known  when  the  parame- 
ters of  two  of  its  planes  are  given,  for  they  are  sufficient  to  determine  tlie 
common  i*atio,  ana  by  combining  them  the  zone  equation  is  obtained ;  and 
further,  when  the  equations  of  two  zones  are  given,  combining  them  will 
give  the  equation,  that  is,  the  parameters,  of  the  plane  common  to  both. 

The  general  equation,  derived  from  Analytical  Geometry,  for  any  plane 
mo :  nb  iray  making  parallel  intersections  with  the  planes  m'c  :  n'o  :  r'a 
and  m'^c  :  n^'b  :  r^'a  is, 

—  H +—  =  0:m  which, 

By  Rubstitutinff  the  values  of  the  parameters  of  two  given  planes  for  m\ 
»',  r',  and  in'\  wr,  r"  in  the  zone  equation,  a  derived  equation  is  obtained 
which  expresses  the  relations  between  nij  n,  r  of  all  the  planes  of  the  zone* 
The  form  of  the  general  zone  equation  is  so  symmetrical  that  the  calcula- 
tions are  in  any  case  quickly  and  easily  made  by  a  method  analogous  tc 
that  used  in  Miller's  system  (as  suggested  by  Prof.  J.  P.  Cooke).  If  we 
write  the  parameters  in  parallel  lines,  repeating  the  first  two  terms,  we 
have 


m 


!'  ,  n"  /\  r"   /\  m''  /\  n" 


and  it  will  be  seen  that  the  coefficients  J/",  i\7,  R  are  found  by  multiplying 
together  the  parameters  in  the  manner  which  the  scheme  indicates* 

M==  m'm"  (n'r"-rV).  ir=:  n'n"  (rW-TziV)-  ^  =  ^'^"  {fn'n''-n'm'y 

Take,  for  example,  the  zone  of  planes  between  i-l  and  1  (f .  233).  For 
i4j  m'=i,  yi'  =  1,  r'  =  t ;  for  1,  m^'  =  1,  n"  =  1,  r"  =  1  (»  =  oo ) ;  hence 
the  scheme  becomes 

l,l/\lAlAl 
and  for  the  several  values  of  the  coefficients 

if=t(l-i)=  -i>.    i^=l(t-t)=0.    i2  =  t(t-l)  =  tr 

This  reduces  the  zone  equation  to  m  =  r  (after  dividing  by  t*  =  oo  ■),  and 
to  this  all  the  planes  of  the  zone  conform.  So  also  for  the  zone  of  l-l,  /, 
d-|,  1-i,  etc.,  in  f.  234.  The  parameters  of  the  plane  /  and  1-i  arranged  as 
above  give 

i    1    1    i    1 
1    i     1    1     i 

and  the  values  of  Jf,  ^  jS  are  —  ?,  — i*  and  +^  respectively.    Hence  the 
■one  equation  becomes 

—  -  -  -  4^   —  3sO; 


HATHS&IATIOAL  GBT8TALL06SAPHT. 


55 


f3% 


884 


and  if  r  —  1,  the  general  formula  n  =  — — =■  is  derived.  Between  i  :  1 : 1  (/) 

and  1  :ii  1  (l-l)  the  valnes  of  n  are  positive,  as  with  the  series  of  planei 

iil'iil'i;  6{j : I* : a;  5  :  J :  1 ;  4 : f :  1 ;  3 : | :  1 ; 

8:2:1;  f  :  3  : 1,  etc.,  1 :  i  :  1.    Between  liiil 

and  i  the  vahies  of  n  are  ne^tive,  that  is,  are 

measured  on  the  back  half  of  tne  axis  b ;  as,  for 

example,  f:— 4:l;f:--3:l;  |:— 2:1;  i: 

—1  : 1.    As  the  zone  continues  on  from  i  :  —1  : 1 

to  1 :  —  1 :  ±i  (1-i),  and  i:  — 1 :  —1  (/),  the  unit 

axis  is  changed,  making  n  =  —1.    The  zone  equa« 

tion  then  becomes  r  = r,  the  values  of  r  being 

positive  between  -J  :  —1  :  1  and  1 :  —1  :  ±  i,  and 
negative  between  1  :  —1 :  db  i  and  i  :  — 1  :  —1. 
The  successive  planes  are  f  :  —1  :  2  ;  f  :  —1 :  3  ; 

t:-l:4;   l:-l:±i;   ^: -1  : -4;  | : -1 
:>th  figures  233  and  234  are  illustrations  of  this  zone. 


-S;    J! :  -1  :  -2,  eta. 
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If  the  stadent  will  select  a  variety  of  examples  of  zones  from  the  figures  in  the  descriptiye 
part  of  this  work,  and  will  apply  the  zone  equation  as  g^ven  ahove  to  them,  paying  special 
attention  to  the  signs  of  the  parameters  of  each  plane,  he  wiU  soon  find  that  the  apparent 
difficnltiefl  of  the  sahject  disappear. 

BZHnnTIOH  OF  THB  ZOHB-BBLATIONS  OF  DIFFERENT  PLANES  BT  MEANS  OF  METHODS  OF 

FBOJECTION. 

The  relations  of  the  different  planes  of  a  crystal  are  to  some  extent  exhi- 
bited graphically  in  such  figures  as  have  been  already  given.  Other  metli- 
ods,  however,  are  used  which  have  special  advantages.  The  two  most 
important  are  briefly  mentioned  here. 

1.  Qu^nsted^s  method  of  projection. — In  this  metliod  the  planes  of  a 
crystal  are  projected  upon  a  horizontal  plane,  usually 
that  of  the  base  {O).  Every  plane  is  regarded  as  pass- 
ing through  the  unit-length  of  the  axis  which  is  taken 
as  the  vertical ;  these  planes  consequently  appear  as 
straight  lines  intersecting  each  other  on  the  plane  of 
projection. 

The  following  are  examples.  In  f .  233^  of  galenite, 
there  are  present  the  planes  of  the  cube,  octahedron, 
dodecahedron,  and  tetragonal  trisoctahedron  |-|.  In 
the  projection  (f .  236)  the  ulane  of  the  paper  is  taken 
as  that  of  the  cubic  plane,  tne  two  equal  lateral  axes  {a) 
are  shown  in  the  dotted  lines,  and  the  vertical  axis  is  perpendicular  to  the 
plane  of  the  paper  at  tlieir  point  of  intersection.  Any  arbitrary  length  of 
the  lateral  axes,  as  ca^  is  taken  as  the  unit.  One  of  the  cubic  planes  coin- 
cides with  the  plane  of  the  paper,  and  the  others,  since  they  are  supposed 
to  pass  through  the  unit  point  of  the  vertical  axis,  coincide  with  the  projec- 
tions of  the  lateral  axes,  and  are  marked  J7,  H. 

The  octahedral  planes  (1)  appear  as  lines  connecting  the  unit  lengths  of 
the  equal  lateral  axes ;  of  the  aodeoahedral  planes,  four  pass  each  th]X>ugb 
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the  extremity  of  one  lateral  axis,  and  parallel  to  the  other,  and  four  otliera 
are  diagonal  lines  passing  through  the  centre ;  they  are  marked  i  in  the 
figure.  The. other  planes,  f -J,  when  passing  through  the  unit  point  of  the 
vertical  axis,  are  represented  by  the  symbols  1  :  f  :  1,  and  1:1:1,  and 
1 :  f  :  f  ,  in  the  firet  quadrant,  and  similarly  in  the  other  three. 


236 


/   /  ^ 

i 

/    /  X 

v/ 

m*           N.  y^ 

// . 

^o 

The  projection  of  the  first  of  these  planes  is  the  line  joining  the  points  z 
(oe  =  f  of  {^')and  a' ;  that  of  the  second  plane  is  the  line  joining  the  points 
a'  and  y  (cy  =  f  of  ca');  that  of  the  third  plane  is  the  line  joining  the  points 
»'  and  2*  ((3»*  =  «sr'  -  J  of  ca).  The  same  method  is  followed  in  the  other 
quadrants,  the  twelve  lines,  lightly  drawn,  in  the  figure  are  the  projections 

of  the  twelve  corresponding  planes  of  tlie  lorni  |-f. 

Fig.  237.  238,  give  anoflier  example  (topaz)  ivoxn 
the  orthorhombic  system.  The  dotted  lines,  as  before 
(f .  238),  show  the  lateral  axes  on  which  the  relative 
unit  lengths  of  h  and  &  belonging  to  this  species  have 
been  marked  off  (3  =  1.892,  &  =  1).  The  four  lines 
passing  through  these  unit  points,  a  and  j^,  are  the  pro- 
jections of  the  unit  octahedron  1..  The  unit  prism,  /, 
IS  projected  in  lines  parallel  to  these,  and  passing 
through  the  centre.  The  prism  i-2  also  passes  through 
the  centre,  but  the  direction  is  that  of  a  line  joining 
the  unit  length  of  the  axis  h  with  two  times  that  of  iL 
The  symbol  of  the  octahedron  J(  =  Jc  :  J :  a),  becomes, 
on  supposing  the  plane  to  pass  through  the  unit  point 
of  the  vertical  axis  c\^\\a^  and  it  is  consequently  projected  in  the linei 
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joining  the  points  ^  (c^  =  f  of  (jJ),  and  ^  (c*  =  f  of  ccC^  The  symbol  of  the 
plane  f  2  (=  \c\h  1 2a)  becomes,  on  the  same  condition,  c :  f!> :  |a,  and  its 
projection  lines  consequently  connect  the  points  ^  (<?^  =  f  oid>)  and  u  {cu 
=  4  ^f  ca\  The  same  method  is  followed  in  the  other  systems ;  in  the 
hexagonal  there  are  on  the  plane  of  projection  three  equal  lateral  axes 
cutting  each  other  at  angles  of  60^. 


it  will  be  seen  from  these  examples  that  planes  in  a  zone  all  pass 
throngh  the  same  point  of  intersection;  as  inf. 234,  O^  f-f,  1, t(a>), and, 
f.  237,  /,  irlj  iri  (c) ;  this  is  also  true  mathematically  of  the  planes  O,  1,  f , 
/,  whose  projections  are  parallel.  This  principle,  which  follows  immediately 
from  the  fact  stated  above  that  planes  in  a  zone  have  a  common  ratio  for  two 
of  the  axes,  is  very  important  if  a  given  plane  lie  in  two  zones  its  projection 
must  necessarily  pass  through  the  two  pomts  of  intersections  which  belong 
to  each  of  these  respective^,  and  consequently  its  position  is  determined. 
The  plane  on  f .  237  which  has  no  written  symbol  for  instance,  lying  in 
the  sone  with  4  and  |^,  and  the  zone  with  1  and  |-2,  must,  when  projected, 
pass  through  the  intersection  point  (f .  238)  s  of  the  former  zone,  and  also 
throngh  v  that  of  the  second  zone.  The  plane  itself,  then,  is  one  which 
meets  the  vertical  axis  at  its  unit  length,  the  axis  b  obviously  at  an  infinite 
distance,  and  the  axis  a  at  a  distance  f  of  its  unit  length  ;  hence,  the  sym- 
bol i^  c:  cob  :  fa,  or  fo:  cob  :  a  (j-i)  in  the  form  it  is  usually  written.  In 
many  cases  the  ratios  of  the  lateral  axes  are  obvious  at  sight,  as  here  ;  in 
every  case,  however,  the  position  of  the  zonal  point,  and  oi  the  two  points 
of  intersection  on  the  axes,  admits  of  exact  aetermination  by  a  series  of 
simple  equations. 

These  equations  it  is  unnecessary  to  add  here ;  reference  for  them  may 
be  made  to  Qnenstedt's  Orystallography,  or  that  of  Klein,  mentioned  on 
p.  59.  This  method  is  of  so  general  use  and  of  so  easy  application  that 
every  student  should  be  familiar  with  it.  Its  advantages  are  that  it  leads 
to  a  clearer  comprehension  of  the  relations  of  the  different  forms,  showing 
immediately  all  the  zones  in  which  they  lie,  and  in  many  cases — ^withoat  the 
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use  of  equations — suiBces  to  determine  the  symbols  of  an  unknown  plane, 
and  that  more  simply  than  by  the  nse  of  the  zonal  equation.  The  general 
principles  contained  in  the  method  have  been  made  by  its  proposer  (Quen- 
stedt)  the  basis  of  an  ingenious  and  philosophical  system  of  Orystallograpny 
(Grundriss  der  bestimmendon  und  rechnenden  Krystallographie  von  I'r. 
Aug.  Qnenstedt,  Tubingen,  1873). 

2.  Spherical  projection  of  Neumann  and  MiUer. — In  this  subject,  as 
viewed  by  Miller,  a  crystal  is  situated  within  a  sphere  so  that  the  centres  of 
the  two  coincide.  If  now  perpendiculars,  or  normals,  be  drawn  from  this 
centre  to  each  plane,  and  be  produced,  they  will  meet  the  surface  of  the 
sphere,  and  these  normal  points  will  determine  the  position  of  each  plane. 
If,  then,  this  sphere  is  regarded  as  projected  upon  a  norizontal  plane  it  will 
appear  as  a  circle,  and  the  various  normal  points  will  occupy  each  its  pro- 
per position  on  or  within  this  circle.  This  will  be  made  more  clear  by  an 
example.  If  the  crystal  (f.  237)  be  supposed  to  occupy  the  centre  of  a 
sphere,  and  if  the  terminal  plane  coincide  with  the  plane  of  the  paper,  a 
normal  to  the  plane  O  will  meet  the  sphere  of  projection  at  the  central 
point  (f.  239) ;  the  planes  iri  at  the  points  indicated,  and  so  of  the  other 

planes  1,  f,  t-5,  etc. 

Two  principles  here  are  of 
fundamental  importance:  Ist,  all 
planes  of  a  zone  have  their  nor- 
mals in  the  same  great  circle,  as 
irly  f ,  |4,  etc. ;  and  2d,  the  an- 
gles between  these  normal  points 
are  the  supplements  of  the  an- 
gles between  the  actual  planes. 
These  having  been  stated,  it  will 
be  clear  at  once  that  the  calcula- 
tion of  the  angles  between  dif- 
ferent planes,  *.d.,  their  normals, 
becomes  merely  a  matter  of  solv- 
ing a  series  of  spherical  triangles 
in  which  some  parts  ai*e  given 
and  others  obtained  by  calcula- 
tion. Upon  this  basis  a  system 
of  crystallography  was  construct- 
ed by  Miller  in  1839,  which,  as  further  developed  by  Q-railich,  Schrauf, 
von  Lan^  and  Maskelyne,  has  every  advantage  over  that  of  Nanmann 
in  the  matter  of  facility  of  calculation  as  in  some  other  even  more  import- 
ant respects. 

The  method  of  conatraction  of  the  oirole  of  projection,  for  a  given  dTstal,  is  in  most  caaei 
Tezy  simple.  The  position  of  the  crystal  is  commonly  so  taken  that  the  prismatic  zone  is 
represented  by  the  oironmferenoe  of  the  circle,  and  the  position  of  the  normal-points  of  all 
prismatic  planes  lie  npon  it.  The  normal-points  of  the  pinacoid  planes  are  at  90^  from  one 
another  (the  macropinacoid  is  not  present  on  the  crystal,  f.  287).  The  two  corresponding 
diameters,  at  right  angles  to  each  other,  which  are  properly  the  projections  of  two  great  cir- 
oles,  intersect  at  the  centre  the  normal-point  of  the  basal  plane,  0 ;  these  diameters  repre- 
sent respectively  the  macrodome  (m-t)  and  braohydome  (/?»•{)  sones  of  planes.  The  several 
positions  of  the  normal-points  of  the  prismatic  planes  are  determined  by  laying  off  the  rap- 
|^«ment  angles  of  each  with  a  protraotor ;  that  of  i-'i  is  43*  d6',  and  of  /,  62"*  8i',  from  the 
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■ttmal-point  of  M.  The  lines  drawn  between  ui^  0,  and  s-S  (behind),  and  7,  0^  /(behind) 
r^resent  the  zones  of  the  m-2  and  m  pyramids  lespectiyely.  The  positicm  Of  the  normal- 
points  of  a  dome  or  pyramid  npon  its  respective  zonal  line  (great  circle)  is  formed  by  laying 
off  from  the  centre  a  distance  equal  to  the  tangent  of  half  the  supplement  angle  of  the  given 
plane  on  0,  taking  the  radius  as  unity.  For  example,  0  A  }-i  =::  ISO**  27',  henoe  the  position 
oltht  required  normal-point  will  be  about  i  (.5046)  of  the  radius  measured  from  0. 

It  is  in  general  necessary  to  determine  in  this  way  the  normal-points  of  but  tery  few  of 
the  planes,  since  those  of  the  others  are  given  by  the  zonal  connection  between  the  planes. 
Thus  in  tb  is  caaoi  having  determined  in  the  way  explained  the  positions  of  the  points  »-{,  f-2, 
/,  and  f-i.  no  further  calculation  is  needed ;  the  point  of  intersection  of  the  great  cirde 
joiniiig  t-f«  }-i,  and  t'-i,  and  that  joining/,  0,  /,  is  the  normal- point  of  f ;  also  the  point  oi 
mtetsection  of  the  great  drde  f-2,  }-t,  i-i  with  /,  0,  /,  is  the  normal-point  of  1,  and  with 
(-S,  0,  i-i  that  of  M 

The  method  explained  is  the  same  for  all  the  orthometrio  systems ;  for  the  dinometric  sys- 
tems the  same  principle  is  made  use  of,  though  the  application  ia  not  quite  so  simple,  since 
the  basal  plane  does  not  fall  at  the  centre  of  the  circle. 

In  the  ^stem  of  Miller  the  general  form  of  the  symbol  is  AA:2,  in  which  A,  A;,  and  I  are 
always  whole  numbers,  and,  the  reciprocals  of  Naumann^s  symbols.  To  translate  the  latter 
mto  the  former  it  is  only  neoessazy  to  take  the  reciprocals  and  reduce  the  result  to  three 
whole  numbers  and  write  them  in  the  proper  order,  tn  general,  for  m-n  {me  :  7ib  :  a), 
h:k:l=^  mn  :  m  :  n,  the  latter  expression  being  written  in  its  simplest  form,  and,  if  nec6s« 
laiy,  fractional  forms  must  be  reduced  to  whole  numbers  by  multiplication.     Conversely, 

A  A  A         A 

from  hJd  is  obtained  m  =  -,  n  =  ^.f  iUQd  henoe,  -r-  —  ^  =  m-n,    Thisapplies  to  all  the  ^ya- 

lemi  except  the  hexagonal,  where  a  special  process  is  required.    See  Appendix  (p.  441). 

Methods  op  Oaloulation. 

In  mathematical  crystallography  there  are  three  problems  requinn*^ 
Bolntion :  Ist,  The  determination  of  the  elements  of  the  crystallization  of 
a  species,  that  is,  the  lengths  and  mutnal  inclination  of  the  axes ;  2d,  The 
determination  of  the  mutual  interfacial  angles  of  like  or  unlike  known 
planes;  and  3d,  The  determination  of  the  symbols,  that  is,  values  of  the 
parameters  m  and  n  for  unknown  planes. 

This  whole  subject  has  been  exhaustively  discussed  by  ICaumann  in  his  several  works  on 
systoUography.  (For  titles,  see  p.  iv.)  The  long  series  of  formulas  deduced  by  him  cover 
tlmort  every  oase  which  can  anse.  In  the  present  place  the  matter  is  treated  briefly,  since 
for  all  ordinary  problems  in  crystallography  the  amount  of  mathematics  required  is  very 
muU.  This  is  especially  true  in  view  of  the  fact  that  a  large  part  of  unknown  planes  can 
be  determined  by  the  sonal  equation  already  giyen.  When  complicated  problems  do  arise, 
the  metHods  of  spherical  trigonometry  (based  on  the  spherical  projection  of  Miller)  offer,  in 
tiie  opinion  of  most  ciystaUographers,  the  simplest  and  shortest  mode  of  solution.  It  is  be« 
liered  that  the  student  who  has  mastered  the  elements  of  the  subject,  after  the  method  of 
KaTunaon  here  followed,  will,  if  he  desire  to  go  further,  find  it  to  his  advantage  to  turn  to  the 
■ystem  of  MiUer,  referred  to  on  p.  68  (See  also  Appendix.)  The  formulas  givun  under 
the  different  systems  in  the  following  pages  are  mostly  those  of  Naumann,  and  it  has  been 
deemed  desirable  to  explain  at  leng£,  in  most  cases,  the  methods  by  which  these  formulas 
ve  deduced.  If  the  student  will  follow  these  explanations  through,  he  wiU  find  himself  in 
ft  position  to  solre  more  difficult  problems  invohing  similar  methods.  Spherical  triangles 
UP  employed  in  most  cases,  as  early  used  by  Hausmann  (1813),  by  Kaumann  (1829),  and 
«thea ;  and  oaref ully  explained  by  Von  KobeU  in  1867  (Zur  Bereohnung  der  ErystaUformen). 
The  flame  methods  have  been  elaborated  by  Klein  (Einleitung  in  die  &ystallberedmung, 
8tnt(«art»  1875). 

tHB  BATIO  OV  THB  TANGSKTS  IN  BEOTAKOtfLAB  20HB8. 

Tan^gevU  jmn(^ple.-^In  any  rectangular  zone  of  planes,  that  is,  a  zonu 
Ijing  between  two  planes  at  right  angles  to  each  other,  one  of  them  heina 
a  diametral  plane)  the  tangents  of  tlie  supplement  angles  made  with  thif 
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diametral  plaue  are  proportional  to  the  lengths  of  the  axis  corresponding 
to  it. 

Examples  of  i-ectangalar  zones  are  afforded  by  the  zones  between  i-i  and 
^t,  also  J  and  Oy  f .  130,  and  /  and  O,  in  f .  208 ;  still  again  between  /  and 
O,  in  f.  167 ;  /  and  O^  also  u2  and  O,  in  f .  150.  In  f .  217,  the  zone  be- 
tween i'i  and  i-i,  and  0  and  i-t,  as  also  the  zones  between  i-i  and  any  one  of 
the  orthodomes,  are  rectangular  zones,  but  not  the  zones  between  the  basal 
and  vertical  planes  (except  t-l),  nor  those  between  i-i  and  a  clinodome. 
The  truth  of  the  above  law  is  evident  from  the  accompanving  figures. 

If  the  angles  between  the  planes  ^,  ^,  /  (f .  240)  and 
the  basal  plane  0  are  given,  their  supplements  are  tlie 
angles  with  the  basal  diametral  section  a^,  a\  o^,  respec- 
tively (f.  241).  The  tangents  of  these  angles  are  the 
respective  lengths  of  the  vertical  axis,  corresponding 
to  each  plane,  as  seen  in  the  successive  triangles.  In 
each  case  we  have  b  tan  a  =  c,  and  hence,  tan  a}  :  tan 
a?  :  tan  c?  z=i  d  \  <?  x  (f. 

By  the  law  stated  on  p.  10,  the  ratio  of  the  axes  must 
have  some  simple  numerical  value.  In  other  words,  if 
c^  be  taken  as  tno  unit,  c^  and  c^  must  bear  some  simple 
ratio  to  it  (denoted  generally  by  m).  In  general,  if  a\ 
a^,  a'  are  the  supplement  angles  of  three  planes  of  a 
vertical  zone  upon  a  basal  plane,  then, 

tan  a^ :  tan  a* :  tan  cf  =  fn}o  :  m^o  :  m^o  ^  m}  :  m* :  m\ 

t  a 

This  is  true  as  well  for  the  pyramidal  planes  ^,  j?*,  jj^j 
and  the  domes  a?,  c?,  (P  (f.  240).  This  principle  is 
most  commonly  applied  to  a  vertical  zone,  where  the 
angles  on  the  basal  plane  are  known,  and  the  value  of 
m  for  each  is  required  ;  it  applies,  however,  in  the  saqie 
way,  to  any  rectangular  zone. 

For  a  prismatic  zone,  if  the  supplement  angles  on  ^-l 
are  given  =  7^  7*,  etc.,  then, 

tan  y  :  tan  7* :  tan  7*  =  ft* :  5* :  i*  =  n* :  n? :  n*. 

Th6M  relations  may  perhaps  be  made  more  dear  by  a  little  farther 
ezplanatioii.  Suppose  a  plane  to  pass  through  the  vertical  axis  at 
right  angles  to  the  given  sone  0,  0*,  «%  0*,  and  intersecting  it  in  the 
dotted  line  (see  also  f.  241).  A  similar  section  may  be  made  with  th« 
planes  d^,  d\  (2*,  or  with  p\  p*,  p\  From  the  section  (f.  241),  the 
relation  of  the  vertioal  axes  to  the  tangents  of  the  basal  angles  is  at 
once  obvioos.  It  Mrill  be  seen  here  that  a^  a*,  eta,  are  not  only  the 
supplements  of  the  interfadal  angles  measured  on  0,  but  are  also 
eqnal  to  the  angles  measured  on  i-i  diminished  by  90**,  and  this  is  true  in  general.  It  will 
be  also  seen  that  the  angles  a>,  a\  eto.,  may  be  obtained  from  the  angles  of  the  planei 
measured  on  eaoh  other.  Thus,  given  e^AOzs  180^— a*,  and  given  «'  A^»  obiionsly  a*  (sup* 
plement  of  ^A  0)  =  a>  +  (ISO*  -  «» A«"). 


tmS  OF  SPRBBtOAti  TBIGOROlCBnT. 


The  use  of  a  spherical  triangle  often  simplifles  very  mucli  the  operation 
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of  calcnlatin^  the  various  angles  and  axial  ratios.     The  following  example 
will  exemplify  the  principle  involved.    Fig.  242  represents  a  square  octa- 
hedron of  zircoVi.   n  we  take  the  front 
Bolid  angle  of  the  octahedron  as  a  cen- 
tre, and  f  i*om  it  imagine  three  arcs  to 
be  described  with  any  radius— one  on 
the  octahedral  plane  BA^  another  on 
the  basal  section  GA^  and  a  third  on 
the  diametral  section  OB^  it  is  evi- 
dent that  a  spherical  triangle  will  be 
formed.     In  other  words,  the  point  a 
is  imagined  to  be  the   centre  of  a 
Bphere  and  the  triangle  ABO  is  that 
portion  of  its  surface  included  between  the  three  planes  in  question. 
In  this  triangle  (f .  243)  the  successive  parts  are  as  follows : 

C'=the  angle  between  the  basal  and  vertical  diameti-al  sections; 

here  90°. 
a  =  the  inclination  of  the  vertical  edge  on  the  lateral  axis. 
-ff=  the  semi-vertical  angle  of  the  octahedron  (=  ^X), 
h  (the  hypothenuse)  =  the  plane  angle  of  the  octahedral  face. 
A  =  the  "^semi-basal  angle  (=  ^Z). 
h  =  the  inclination  of  the  basal  edge  on  the  lateral  axis. 

In  the  case  given,  h  =  45°,  since  in  this,  the  tetragonal  system,  the 
lateral  axes  are  equal  and  the  basal  edge  makes  an  angle  of  45°  with  each. 
Now  if  either  A  or  B  (that  is,  ^or^  is  given  by  measurement,  two  parts 
iu  the  triangle  will  be  known  and  the  others  can  be  i-oaJily  calculated  as 
they  may  be  required.  Other  examples  will  be  found  in  the  pages  which 
follow. 


In  the  majority  of  cases  the  spherical  triaDgles  obtained  in  the  manner  described  are 
n^t-angled,  and  the  problems  resolve  themselves  into  the  solution  of  right-angled  spherical 
td&Dgles.  In  performing  these  operations  praoticaUy,  the  student  may  be  assisted  hj  the 
foQowing  graphic  method  (nsed  bj  Prof.  Cooke,  of  Hfurvard  UniYersity).  It  is  based  upon 
Napiei's  rules,  which  are  familiar  to  every  student : 

In  a  right-angled  spherical  triangle  the  sine  of  any  part  is  equal  to  the  product  of  the 
eonoes  of  the  opposite  jNirts,  or  the  product  of  the  tangents  of  the  adjacent  parts.  Here  it 
» to  be  remembered  that  for  the  two  angles  and  hypothenuse  the  complements  are  to  be 
taken. 

The  problems  are  represented  graphicaUy  as  follows :  In  the  case  given,  suppose  that  the 
bwal  sngle  (Z)  on  the  given  octiUiedron  has  been  measured  and  found  to  be  84**  19'  46',  that 
ii,  the  angle  A  =  iZ=  42''  9'  58',  and  hence  90«  -A  =  47"  60'  7'.  Then  the  parts  of  the 
tnan^e  may  be  written,  commencing  with  O^ 


6(45») 


90' (<7) 
(90**  -  A) 


(90«>  -  A). 


(90»-J9) 


IfBisTCquired,wehave(forsiroon)  sin  (J^  —  B)  =z  ow  4S°  x  oob  ^7^  W  V  ; 
whence  P=6r89'47', 

ud  the  vertical  angle  (X)  is  128<'  19'  84'. 

Abe,  sin  45*  =  tan  a  X  tan  47«  60' 7', 

tan  a  s  a640878  =  c,  the  vertical 
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Foi*  oonvenienoe,  some  of  the  more  important  formulas  for  the  aolatioii  of  spheEioaS 
triangles  are  here  added. 


In  spherioal  right  triangles  0  =  90^ 

sm  A 

^     «     Wn  & 

sin  B--^^ 

smA 

Cos-4  =  j^ — I 
tanA 

^     tana 

_       .      tana 

Tan4  =  -r— £ 
Bin  0 

sm  a 

oos  h 

.     -,     oosJ. 

sm  B^ 

oos  a 

oosA  3 

oosaoos  h 

oos  A  = 

ootAootir 

III  oblique-angled  spherioal  triangles : 

(1)  Sin iL:8inP  =  sina:sinft; 

(2)  Cos  a  =:  cos  h  008  6  +  sin  6  sin  «  oos  il ; 
(8)  Got  6  sin  c  -=  oos  o  oos  J.  +  sin  ^  oot  d\ 
(4)  Cos ^=—  cos^oos  C+sin^sin  C7oosa. 

In  oalcnlation  it  is  often  more  oonyenient  to  use,  instead  of  the  latter  formulas,  tJMWW 
especially  arranged  for  logarithms,  which  will  be  f oond  in  any  of  the  many  books  doTOiod 
to  mathematical  formulas. 

Conne  formula. — Gteneral  equation  for  the  inclination  of  two  planes  in 
the  orthometric  svBtems. 

Representing  the  parameters  of  any  plane  by  c  :  ft  :  a,  and  also  of  any 
other  plane  by  d  \h'  \a\  and  placing  TT  f or  the  supplement  of  their 
mntnal  inclination, 

(w!W + cdaa' + hVcd 


Co6Tr=- 


V'(a2ft^+(?a?»-hiV)|/(a'»J"+(j'*a'»+ft'»o'») 


In  using  this  equation,  the  actual  values  of  the  parameters  are  to  be  sab- 
stituted  for  the  letters.  For  the  planes  m-7i,  7n!-n\  in  the  same  octant,  iu 
which  the  parameters  would  be  ttio  :  nft  :  a,  and  ra'c  :  n!h  :  a, 

rritc^  nby  a  are  substituted  severally  for  o,  ft,  a. 
m'c,n'ft,a  "  "         "  (/,  ft',  a'. 


L  IsoHETRio  System. 

The  equality  of  the  axes  in  the  Isometric  system  makes  it  unnecessary  to 
consider  them  in  the  calculations.  The  most  commonly  occurring  prob- 
lems are  the  determination  of  the  symbols  in  the  various  forms,  i-n,  m^ 
m^TTiy  m-n  (f.  51,  54,  65,  69^.  These  cases  will  be  considered  in  succesBion. 
In  all  but  the  last,  but  a  single  measurement  is  necessary. 

1.  Form  i-n^  tetrahexahearon. — ^The  edges  are  of  two  kinds  (p.  18),  as 
A  add  O  in  f .  244 ;  a  measurement  of  either  is  sufiicient  to  determine  the 
value  of  n.     (a)  Given  the  angle  of  the  edg<  A.    Suppose  a  plane  tc 
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paw  through  the  edge  A  and  the  adjoining  axis,  ac,  also  a  secc»nd  plane 

tlirongh    the    two  lateral  axes,  and  imagine  a  spherical  triangle  con- 

Btructed,    as    explained  on  p.  61. 

This  triangle  (see  f.  244a)  is  right 

angled  at  O^  and  the  other  angles 

are  ^A,  (half  the  measured  angle  of 

the  crystal)  and  45°,  respectively. 

Heuce,  if  if  is  the  inclination  of  the 

plane  on  the  lateral  axis,  ac^ 

C08  p  =  cos  iA  V2, 

and  tan  i;  =  na  =  n. 

{i)  Suppose  the  angle  of  the  edge  O 

to  be  given.     In  the  plane  triangle 

(abc)  of  the  section  in  f,  244,  iU-h 

45°  +  V  =  180°,  or  i;  =  136°-  i(7, 

and,  as  before,  tan  v  =  n.    If  the  angle  of  two  opposite  planes,  meeting  at 

the  extremity  of  an  axis,  were  given, lialf  this  angle  would  be  the  angle  v. 

For  a  series  of  tetrahexahedrons  the  tangent  law  may  be  applied,  since 

they  fonn  a  zone  between  two  cubic  planes ;  the  dodecahedron  rails  in  this 

zone,  being  a  special  case  of  the  tetrahexahedron  where  ti  =  1.     The  angle 

between  a  plane  i-n  and  the  adjoining  cubic  face  (i7)  is  equal  to  i^  +  90°, 

hence,  cot  Zr=  n» 

2.  Form  m,  trigonal  trisoctaJiedron. — The  edges  are  of  two  kinds,  A 
and  B.  {a)  If  the  angle  over  B  is  given,  suppose  a  diagonal  plane  to 
pasR  through  the  vertical  axis  and  the  edge  A^ 
meeting  the  planes,  as  indicated  in  the  hgnre. 
A  right-angled  plane  triangle  is  formed,  of  which 
the  basal  angle  is  equal  to  ^i?,  and  the  base  is 
the   diagonal  line  x.       Then  x  tan  ^B  =  the 

vertical  side  of  the  triangle  (77W5),but  x  =  V^  when 

a  =  1,  whence  tan  ^BV\  =  ma  or  m,  {b)  If 
the  given  angle  is  that  of  the  edge  A,  place 
a  sjmerical  triangle  {ina)j  as  indicated  in  the 
figure.  In  this  triangle  0=  90°  (for  the  diagonal 
plaue  is  perpendicular  to  the  plane  m),  and  the 
other  angles  are  respectively  ^A  (half  the  mea- 
sured angle)  and  60°;  hence,  the  side  opposite 
iA  (=  the  angle  p)  is  obtained.  Further,  the 
angle  of  the  two  dotted  diagonals  (the  octahe- 
dral and  dodecahedral  axes)  is  35°  16'  (p.  16), 
whence,    iB  =  144°  44'  —  p,    and,   as    before, 

tan  iBVi  =  m.    See  further  the  following  case.    The  general  equal  ioiit 
are  thus: 
(a)  tan  iif  V^=m. 

(6)  cos p  =  2  cos  iAV^;    iB  =  144°  44'-p. 

3.  Form  m-rn^  tetragonal  trisoctahedron,^^uipfOGe  (a)  that  the  angle  of 
fclie  edge  B  is  given.    In  the  spherical  triangle  1,  in  r.  246,  ^  =  90  ,  and 
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each  of  tlie  other  angles  eqnale  ^B.    Hence,  one    of    the    equal  eidei 


f)  is  obtained,  and    tan  v 


If  the  angle  0  is  given, 
the  triangle  2,  in  f .  246,  is  employed  j 
here  one  angle  is  =  90°,  a  second 
=  «0°,  and  the  third  =  iC,  hali 
the  measured  angle  of  the  edge  O, 
The  side  of  the  triangle  =  tlie  angle 
p  is  calculated,  and,  as  in  the  preced- 
ing case,  f  =  144°  44'— p,  then  m+  J 
=  tantV2. 

The  planes  m-m,  1,  m,  form  a 
zone  between  tlie  cubic  and  dodeca- 
Iiedral  planes  as  f.  461,  p.  244,  to 
which  the  tangent  law  may  he  often 
conveniently  applied.  The  form  w» 
passes  into  the  octahedron  1  u'hen 
m  =  1,  and  when  m  is  less  than 
nnity  it  becomes  jTi^m,  as  explained 
on  p.  17. 

Since  these  planes  form  a  rectangular  zone  the  tangent  of  the  supplo- 
ment  angles  between  them  and  a  cubic  plane  are  proportional  to  the  vaiuea 
of  m  for  the  given  forms  j  only  by  applying  this  principle  for  m-m,  the 

index  —  (=  —  :  1 : 1)  will    be   obtained,  which  is  equivalent  to  m-tn 

(=  1 :  m  :  m). 
The  general  equations  for  the  form  m-m  are ; 


(a)  COB  v  =  eot  J5 ;  ta 

(J)       co8/>  =  cotiCV^;  f=144''44'- 


■p ;  tan  ^2  =  m  +  l. 


4.  Form  m^  hesoocta/tedron. — The  edges  of 
the  hexoctahedron  are  of  three  kinds,  A,  B,  G 
(f.  247),  and  two  measnremcutB  are,  in  general, 
needed  in  order  to  deduce  the  values  of  m 
and  71. 

{a)  Given  A  and  B.  In  tlie  oblique-angled 
spherical  triangle  I  (f.  247),  the  three  angles 
are  ^A,  i5,  and  45°.  In  this  triangle,  the 
side  opposite  ^A  (=  angle  v)  is  calculated,  and 
from  it  are  obtained  the  vaiuea  of  m  and  «, 
as  follows : 


^JB~ 


iM. 


tan  iB  sin  f  =  n» ;  tan  v  =  n. 


(5)  (iiven  A  and  C  In  the  oblique-angled  triangle  11  (f .  247),  the  three 
ftugles  are  equal  respectively  to  4^4,  i&,  and  60°  The  side  opposite  ^^ 
(=  angle  />)  is  calculated.  £nt  the  angle  between  the  diagonals,  that  is, 
the  octahedral  and  dodecahedral  axes,  is  35°  16',  and  the  third  angle  of 
Uie  triangle  is  {*,  the  inclination  of  the  edge  C  on  the  dodecahedral  axis ; 
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hence,  J  =  144**  44'— p.  Again,  in  the  right-angled  triangle  III  (f .  247),  one 
angle  =iC\  and  the  adjacent  side  =4*,  whence  the  omer  side,  8  (the  in- 
clination of  the  edge  JB  on  the  dodecahedral  axis),  is  obtained  ;  i;  =135°—  B, 
and  from  this,  as  above,  and  from  the  angle  py  are  deduced  the  values  oi 
A  and  n.    The  formulas  are : 

006  p  = .. . '-  — ?  f  =  ^^  44  —p ;  tan  o  =  sm  f  tan  iO 


8ini6'V3 

V  =  135°—  B ;  tan  i;  =  ti  ; 


n 


v/2 


n-fl 


tan  f  =  m. 


(c)  Given  5  and  C.  K  the  riffht-angled  triangle,  III  (f.  247),  the  twc 
angles  are  given,  equal  respectively  to  ^JS  and  iU,  From  the  triangle  is 
dednced  the  side  opposite  i(7(=  angle  S  defined  before),  and  from  it  is 
obtained  Vj  and  from  p  and  iBj  the  values  of  m  and  n,  as  in  the  firat  case 
The  formulas  are : 


cos 


S  =  -; — f^ ;  V  =  135°—  S ;  tan  v=zn;  tan  i^B  sin  v  =  m, 
sm  Jjff 


?Wf 


248 


If,  instead  of  m-n,  the  form  is  m -.  only  one  measurement  is  needed, 

and  the  process  is  simplified. 

When  the  angles  of  any  plane  m-n  on  two  cubic  planes  are  given,  their 
Bnpplements  wnl  be  the  angles  of  the  plane  upon  the  corresponding 
diametral  sections,  and  from  them  the  values  of  m-n  may  be  readily  calcu- 
lated. Thus  (in  f .  248),  the  angles  of  a  given  plane  on  a  cubic  plane  at 
a'  will  be  the  supplement  of  its  angle  upon  the 
section  fli*a',  that  is,  the  angle  £  in  the  spherical 
triangle;  similarly,  the  angle  of  a  cubic  plane  at 
a'  will  be  the  supplement  of  its  angle  on  the 
section  a^a'y  the  angle  A  in  the  spherical  triangle. 
In  this  same  triangle  (7=  90°.  Hence,  the  sides 
opposite  A  and  jB,  that  is,  the  inclinations  of  the 
two  eds^es  on  the  adjacent  axis,  may  be  calculated, 
and  this  axis  being  equal  to  unity,  their  tangents 
will  give  the  corresponding  lengths  of  the  other 
axes.  These  lengtlis  may  not  be  the  values  of  m 
and  n  in  the  form  in  which  the  symbol  is  genemlly 
written,  where  the  unit  axis  is  always  the  shortest, 
bat  the  latter  are  immediately  deducible.  For  ex- 
ample, if  the  angles  here  mentioned  for  the  plane  numbered  4  (in  f .  247)  had 
been  measured,  the  values  of  the  axes  obtained  by  calculation,  when  the 
front  axis  is  the  imit,  would  be  i  and  i  respectively,  and  tlie  symbol,  hence, 
i :  i  :  1,  which  is  equivalent  to  1 :  4  :  3,  or  m-^i  =  3-J  for  the  general  form. 

Hemihedrdl  forma. — ^For  each  hemihedral  form  the  formulas  are  iden- 
tical with  those  already  given  for  the  corresponding  holohedral,  so  far  as 
the  edges  of  the  two  are  the  same.  For  example,  in  comparing  f.  69  and 
1  87  it  is  seen  that  the  edges  ^  and  6^  are  tlie  same  in  both,  while  £  ol 
the  holohedral  form  differs  irom  B^  of  the  hemihedral.  The  formulas  re* 
5 
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quired  to  cover  these  additional  cases  are  given  beloiv,  they  are  obtained 
in  a  manner  similar  to  those  in  the  preceding  pages. 

Form  i{m\  f.  85.     Given  B\ 

COB  €  =  2  cos  iB'Vi ;  f  =  35^  16'+  c;  tan  ?  VJ  =  m. 
Form  J(m-m),  f.  81.    Given  £*. 

tan  iB'V2  =  m. 
Form  i{mrn\  f .  87.    (a)  Given  A'  and  J?'. 

V2  Vi 


coBiB'  ^      co&iA'  V2 

sin  iA  '  sm  ^B  '  cot  a—  cot  iS  *  c< 


i-4' '  sin  i^' '  cot  a—  cot  iS  *  cot  a+cot  )rf. 

(ft)    Given  5'  and  0\ 

2  COS^^'  +  COS  iC       ^        oco^/j/.  i.  ^        X        1  />     •      «. 

COS  €  = = — — ;  f  =  35®  16'+  e;  cot  S  =  tun  ^C^  bid  {; 

sin  i(/V3 

tan  (S  +  45**)  =  ?i:  r  tan  f  =  w. 

71  +  1 

Form  ili^],  f.  92.    Given  A". 

tan  iJ."=  fk 

Form  [m-n],  f.  100.    (a)    Given  J."  and  -B". 

cos  i-4"  ^  n  COS  i-4" 

-; — j-^7-,  =  cos  v;  tani/  =  n;  j^W^fWi. 

Bin  iB  '  '    cos  iB 

(ft)    Given  ^"  and  C" 

1  •r/t/T         •     XI  /I        COS  (?V^3  —  COB  i^" 

2cos4c/  v  +  =  sm  C?;  coB^sr =A^. 

'      ^  '  Bini4"*^2 

tan  (45°  +  ^  =  m ;  sin  (45^  +  $)  tan  i^"^  n, 

(c)    Given  ^"  and  C". 

o  ±^ff^/r  •     ^  5        COB  ^ VS  —  COB  ^i?" 

2  COB  *C/  V  ♦  =  Bin  (9 ;  cos  5  ^ 7==—-. 

'  Bini^'V2 

tan  (46®+  S)=rni  sin  (45®  +  5)  tan  iB'  2=  m. 

The  various  combinations  of  holohedral  and  hemihedral  forms  whicb 
may  occur  are  unlimited,  and  it  would  be  unwise  to  attempt  here  to  show 
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Ae  irethods  of  vvorking  them  out.  It  is  only  necessary  to  rentiark  that  the 
Bolution  can  generally  be  readily  obtained  by  the  use  of  one  or  two  spheri- 
cal triangles  in  the  way  shown  in  the  preceding  cases. 

The  calculation  of  the  interfacial  angles  between  two  known  forms  can 
often  be  performed  by  the  formulas  already  given,  or  by  similar  methods 
For  the  more  general  cases,  reference  must  be  made  to  the  cosine  formula, 
p.  62. 

Interfacial  Angles. — I.  Holohedral  Forms. 

The  following  are  some  of  the  angles  among  the  more  common  of 
Isometric  holohedral  forms;  adjacent  planes  are  to  be  understood,  unless 
it  is  stated  otherwise.  The  angles  A^  B^  C^  above,  are  those  over  the 
edges  so  lettered  in  the  figures  referred  to  (see  pp.  15-19),  or  over  tie 
corresponding  edges  in  related  forms : 


ff^  ir=90o,  f.  38 

UrK  1  =125  16,140,41 
^A   >  =  135,  f.  43,  45. 
Ha  ir\  =  146  19 
HAi'%=z\m  26,  f.  64 
irA»-3  =  161  34 
Z/'aH  =  188  19 
//A  II  =  186  45 
//A  2-2  =  144  44,  f.  56 
7/ A  3-3  =  164  46 
^A^ov.  1,=  115  14 
ffA2,     *'      =109  28,  f.  52 
tfA8,     "      =103  16 
Ha  3-J  =  143  18,  f.  70 
i^  A  4-2  =  150  48 
£rA5-S  =  147  41 
I  A  1  =  109  28,  f.  42 
1  Al.  top,=  70  32 
1A»=144  44,147 
1aH  =  143  11 
1  A  *-2  =  140  16, 1  67 
I  A  i^  =  136  54 
1  A  H  =  1C8  41 


1  A  2-2  =  160**  83',  1  68 

1  A  8-3  =  150  30,  1  57 

1  A  i  =  169  49 

1  A  2  =  164  12,  1  63 

1  A  8  =  158 

1  A  8-1  =  157  45 

1  A  4-2  =  151  52 

1  A  5-f  =  151  25 

<  A  »  =  120  1  46 

»  A  ^,  ov.  top,  =  90 

»•  A  »-J  =  167  42 

»  A  »-2  =  161  84,  1  68 

•  A  t-3  =  153  26 

f  A  2-2  =  150 

i  A  8-i  =  160  54 

t'  A  8-8  =  148  31 

i  A  4-J  =  166  6 

t  A  5- J  =  162  58i 
2-2  A  2-2,  B,=  181  49,  1  54 
2-2  A  2-2,  (7,=  146  27 
2-2  A  2-2,  ov.  top,  =109  28 
8-3  A  8-8,  B,=  144  54,  1  61 
8-8  A  8-3,  (7,  =  129  81 


H  A  t-f,  ^,=  t33M9' 

H  A»-f,  6^=157  23 

t-2  A  *-2,  2l,=  143  8, 1  65 

t-2  A  »-2,  (7,=  143  8 

t-2  A*-2,  ov.  top,  =  126  52 

».2  A  ^8  =  171  52 

»-2  A  2-2  =  155  54 

^3  A  »-8,  ^=  154  9,  1  66 

r-8  A  »-3,  0,=  126  52 

2  A  2,  ^,=  152  44,  161 

2  A  2, -^,=  141  8i 

8  A  8,  A,-  142  8 

8  A3,i?,=  153  28i 

8-},  ^=158  13,169 

8-5,  ^,=  149 

8- J,  C7,=  158  13 

4-2,  A,-  162  15 

4-2,  i^,=  154  47i 

4-2,  6;=  144  8 

5-1,  ^,=  152  20 

5-S,  i/,=  100  82 

5- J,  (7,=  152  20 


IL  Hemihedral  Forms. 
The  following  are  the  angles  for  the  corresponding  hemihedral  forms : 


1  A  1  =  70*»  82',  1  76,  76a  8-8  A  8^,  C7,=  134'  2' 


f  A  f,  ^,=  162  39i 

J  A  f,  ^,=  82  10 

8a2, -4,=  152  44, 185 

2a2.  B,=  90 

8  A  8,  ^,=  142  8 

8  A3,  2?,=  99  5 
HaH,A=93  22 
HAi-?,C,=  160  15 
••2  A  2-2,  -B,=  109  28,181 
%%  A  2-2,  (?,=  146  26i 
8«a8-3,  P,=  124  7 


8-J  A  8-J,  -4,=  158  13,  1  87 
3-^  A  3-1,  5,=  110  56i 
3-f  A3-J,  (7,=  158  13 
4-2  A  4-2,  ^,=  162  15 
4-2  A  4-2,  JS,=:  124  51 
4-2  A  4-2,  67,=  144  8 
f-J  A  »4.  ^.=  112  87 


t-8  A  i-3,  O,-  107**  27i' 
4-2  A  4-2,  ^=128  16 
4-2  A4-2,  J5,=  164  47i 
4-2  A  4-2,  C,=  13l  49 
8-|A3-ii,  ^,=  115  23,  HOC 
8-f  A8-I,  i?,=  149 
8-i  A  3-J,  C',=  141  47 
5-JA5-J,  ^,=  119  3i 
5-S  a5-^,  j?,=  160  32 


*-lA*-^  .(7,=  117  29         

j-2  A  ^-2,  i4,=  126  52, 1 92, 93  5-4  a  6- J,  6',=  181  5 
J-2  A  »-2,  C,=  113  35 
i.8  At-8,  ^=143  8 


In  the  forms  i-f ,  i-2  (f .  92),  i-8,  t-4,  A  is  the  angle  at  the  longer  edgo^ 
and  C  that  at  either  of  the  others. 
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XL — ^Tetbaoonal  Sybteil 

hi  the  Tetnijgonal  syBtem,  as  has  been  f  ullj  explained  (p.  30),  the  lonfftli  oi 
the  vertical  axis  is  variable,  and  must  be  determined  for  each  species.  If  the 
length  of  c  is  known,  then  it  may  be  required  to  determine  the  symbols  of 
certain  planes  by  means  of  measured  angles.  These  two  problt^ms  are  in  a 
measure  complementary  to  each  other,  and  the  same  metnods  will  give  a 
solution  to  either  case.  (For  figures  of  the  forms  see  pages  '27  and  28.) 
The  calculation  of  the  interfacial  angles  can  be  peiToimed  by  similar 
methods  or  by  the  cosine  formula. 

1.  Form  m. — The  edges  are  of  two  kinds,  pyramidal  JT,  and  basal  Z. 
K  either  angle  is  known,  the  angle  a,  which  is  the  inclination  of  the  edge 
^  on  the  lateral  axis,  may  be  calculatMd  by  the  spherical  triangle,  as  in 
f.  242,  243.  (Compare  the  explanation  of  tliis  case,  p.  62.)  Obviously  in 
the  plane  right-angled  triangle  formed  by  the  two  axes  and  the  edge  ^^ 
tan  a  =  nic  (since  a  =  1).  If  c  is  known,  then  m  is  determined  ;  and,  con- 
vei*8ely,  a  value  being  assumed  for  m,  in  the  special  case,  c  is  given  by  the 
calculation.     The  general  formulas  are  : 

cot  iX=  sin  a,  or  tan  ^Z  i^= tan  a ;  then  tan  a  =  mc. 

2.  Form  m-i. — {a)  Given  the  angle  Z,  mc  is  found  immediately ;  the 

solution  is  obvious,  for  in  the  section  indicated  by 
the  dotted  line  (f.  249),  iZ=  a,  and  the  tangent  of 
this  angle  is  equal  to  the  vertical  axis,  (j^)  Given 
the  angle  Y.  A  spherical  triangle  placed  as  in 
f.  249,  has  one  angle  =  ^Y^sl  second  =  45°,  and 
the  third  =  90°,  whence  the  side  opposite  iY  is 
calculated,  which  is  the  complement  of  a. 

The  general  formulas,  wnich  may  serve  to  de- 
duce the  value  of  m,  when  6  is  given,  or  the  con- 
verse, are : 

COB  i  YV2  =  sin  a,  or  tan  iZ  =  tan  a,  and  tan  a  =  mo. 

If  a  series  of  square  octahedrons  m,  or  m-i,  occur  in  a  vertical  zone,  their 
evmbols  may  be  calculated  in  both  cases  alike  by  the  law  of  the  tangents, 
the  angles  of  the  planes  on  O^  or  on  Ij  or  i-i,  respectively,  being  given. 
(See  p.  60.)  ^ 

3.  Form  i-n. — For  the  angle  of  the  edge  X  (f .  109,  p.  26),  at  the  extrem- 
ity of  a  lateral  axis,  tan  ^X  =  n.  From  the  angle  of  the  other  edge  JT, 
we  have  iX  =  135°-  iF;  and  hence,  tan  (135°—  iY)  =  n. 

4.  Form  m-n. — The  edges  are  of  three  kinds,  X,  Z,  Z(f.  250),  and  two 
angles  must  be  given  in  me  general  case  to  determine  m  and  n. 

{a)  Given  Xand  Z.  A  spherical  triangle  having  its  vertices  on  the  edgef 
Xand  Z,  and  the  lateral  axis,  as  1,  f.  250,  will  have  two  of  its  angles  equal 
to  iX,  iZj  respectivelv,  and  the  third  equal  to  90°.  The  solution  of  this 
triangle  gives  the  siaes,  viz.,  a  and  v^  the  inclinations  of  the  edges  X  and 
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Z,  respectively,  on  the  lateral  axis.    The  tangente  of  these  angles  give  the 
vftlues  of  m  aad  n.    The  formulas  are  as  follows: 

OM^Z  .  ooe  iJf 

—. — i-^  =  COB  a,  tan  «  =  mc :  -: — f^-  =  <x»  v,  iaa  v  =  n. 
sin  iJL  sm  \ji 

(S)  Given  Y  and  Z.     In  a  second  triangle  placed  as  indicated  (2,  f.  250), 
two  of  the  angles  are  41^  and  \Z  respectively, 
and  the  third  is  90°.    The  solntion  of  this  second  Beo 

triangle  gives  S,  the  inclination  of  the  edge  Z 
on  the  diagonal  axis,  from  which,  in  the  plane 
triangle  we  have  v  =  135"  —  S,  and  from  v  is  ob- 
tained n.  Still  again  from  the  triangle  1  (f.  250), 
and  irssolutionnsedin  the  precedingcase, having 
^'iven  Z  and  v,  a  ie  obtained,  and  from  it  m  ; 
as  by  the  following  formulas  : 


=  coe  h,v  ■=  135°— S,  tan  v  =  fi 


emiY 

tan  }^  sin  v  =  t^n  a  =  mc. 


{c)  Given  Xand  Y.  A  third  triangle,  nambered  3  in  the  fignre,  has  two 
of  the  angles  equal  to  ^Xand  i  I'  respcfitively,  and  the  third  is  45",  Solv- 
iufj  tliis  oblique-angled  triangle,  tlie  angle  of  the  inclination  of  the  edge  Y 
on  the  vertical  axis  is  obtained,  and  its  complement  is  the  angle  e,  the  in- 
clination of  the  edge  3^on  the  diagonal  axis;  from  e  and  J  Fare  obtained, 
bv  triangle  2,  S,  and  tlience,  as  above,  n;  and  finally,  from  Xand  v,  is 
obtained  a,  and  from  that  the  valne  of  m.     The  simplified  formulas  are  as 


follows  : 


■— V—  ^  n— 1  ;  sin  o  =  «  cot  iX,  tan  a  =  mo. 


Pyramide  of  the  general  symbol  1-n,  m-m,  etc.,  are  especial  cases  of  tlie 
preceding,  the  processes  being  for  them,  however,  somewnat  simphfied.  A 
fingle  measurement  is  sufficient 


IIL  Hexaookal  Ststbu. 

In  the  Hexi^nal  system  there  are  three  eqnal  lateral  axes  (a)  inter 
•eeting  at  angles  of  60°,  and  a  fourth  vertical  axis  (c)  at  right  angles  to 
the  plane  of  the  others.  Taking  a  =  1,  there  remains  but  one  unknown 
qnantity  in  the  elements  of  a  crj-atal,  .  that  is  the  length  of  i,  and  a 
single  measurement  is  sufficient  to  determine  this.  The  relations  of  tlie 
three  lateral  axes  have  been  explained  on  p.  32. 

The  hexagonal  system  is  closely  allied  to  the  tetragonal,  and  optically 
they  are  identical,  as  is  shown  beyond. 

Schranf  refers  all  hexagonal  forms  to  two  lateral  axes  crossing  at  right 
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angles  and  a  vertical  axis,  in  order  to  show  this  relation.   Accoi  ding  to  him,  in 

this  system,  the  axes  are  c  :  aVz  :  a ;  in  the  tetragonal  they  are  c\  ai  a. 
Millei^'s  school,  on  the  contrary,  employ  three  equal  axes,  making  equal 
angles  with  each  other,  and  each  normal  to  a  face  of  the  fundamental  rhom- 
bohedron.  In  each  of  these  methods  a  holohedral  form,  for  instance  a 
hexagonal  pyramid,  is  considered  as  made  up  of  two  sets  of  forms,  having 
different  hidices. 


A. — Hololied/ral  JFbrms. 

1.  Form  m :  hexagonal  pyramid,  first  series. — Suppose  a  spherical  trian- 
gle, inscribed  in  f .  148,  p.  33,  having  its  vertices  upon  the  edges  X  and  Z^ 
and  the  cori*esponding  lateral  axis  respectively,  similar  to  the  triangle  of 
f .  242.    This  will  be  a  right-angled  triangle. 

(a)  When  the  angle  of  the  edge  JT  is  given,  then  f ,  the  inclination  of  the 
edge  2l  upon  the  adjoining  lateral  axis,  is  calculated  : 

sin  f  =  cot  iX  V'S,  and  tan  f  =  mCj  or  =  iy  the  vertical  axis,  when  m  =  1. 

{b)  Given  the  angle  Z. 

tan  i  Z  Vi  =  mo,  or  =  <5  when  m  =  1. 

2.  Form  m-2 :  hexagonal  pyramid,  second  series. — These  pyramids  bear 
the  same  relation  to  those  of  tne  m  series  as  the  mi  octahedrons  to  m,  octa- 
hedrons of  the  tetragonal  system.  (Compare  f.  112, 146.)  The  methods  of 
calculation  are  similar  (f .  249.)  The  edges  are  of  two  kinds,  vertical  JTand 
basal  Z. 

(a)  Given  the  angle  Y. 

2  ens  i  7  =  sin  ^Z,  and  tan  iZ  =  mc,  or  c  whenfw  =  1. 

(ft)  Given  the  angle  Z.     Then  simply 

tan  iZ  =  me, 

3.  Form  i-n :  dihoxagonal  prism. — The  vertical  ed^es  are  of  two  kinds, 
axial  X^  and  diagonal  x  ;  the  solution  in  either  case  is  by  means  of  a  plane 
triangle,  in  a  cross-section  analogous  to  that  of  f .  146. 


(a)  Given  X. 


(ft)  Given  r. 


tan  iX^  = 


2-n 


tan  JjVa  =  — ^r 
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4.  Form  in-n :  ctitexaeonal  mi-amid. — The  edges  (f.  251)  are  of  throe 
kindBr^aod  J^tertniiial,  andZbasal;  measarements  of 
two  of  these  are  required  to  give  the  v&lues  of  m  and  SJl 

n ;  this  ia  analogous  to  the  calcniation  for  the  form  m-n 
in  the  preceding  system. 

(a)  Given  Xand  Z.  In  a  spherical  triangle  having  its 
vertices  on  the  edges  X  and  Z,  and  the  adjoining  lat- 
eral axis  respcctiveTy,  two  angles  are  given.  If  f  =  the 
inclination  of  the  edge  Z  apon  the  lateral  axis  (the  side 
of  the  spherical  triaugle  opposite  the  angle  i^ ),  then 

008  1-=  ^^,  n  —  4  =  tan  (f  -  80")  VT;  tan  IZ  sin  »- =  mft 

{i)  Given  T  and  Z.  The  right-angled  spherical  triangle  has  its  vertices 
on  the  edges  Y&ad  Z  and  the  diagonal  axis.  If  5  =  the  inclination  of 
the  edge  ^upon  this  diagonal  lateral  axis,  then : 

oo6S=^-T2-;bnt»-  i  =  tan  (120°- S)  Vf, 
also 

(150°—  S)  =  y;  and,  as  befoi-e,  tan  iZsin  p  =  ma. 

(o)  Given  Xand  Y".  In  the  ohliqne-angled  spherical  triangle,  with  its 
rartices  upon  the  edges  X  and  Y  and  the  vertical  axis,  the  mree  angles 
ue  known,  viz.,  4X,  i  Y,  and  30°,  hence  : 

2-n_    cosjXf^. 
n-1  cosir 

Farther,  if  f  =  the  angle  of  inclination  of  the  edge  Xopon  a  lateral 
uis,  that  is,  the  complement  of  the  same  edge  npon  we  vertical  axis  (the 
side  of  the  spherical  triangle  opposite  the  angle  iY  ), 

sin  f  =  n- cot  iX,  and  tan  f  =  ma. 

If  the  pyramid  m-n  takes  the  form  m- -,  as  determined  by  its  zona) 

relations,  the  calculations  are    simplified,   since  one  anknown  quantity 
wlj,  m,  has  to  be  determined,  and  one  meaaorement  is  safiicient. 


B. — ShomioAedral  JHviaion. 

"nie  relation  of  the  rhombohedrons  and  scalenohedrons  to  the  trne  hexa- 
eonal  forms  has  been  made  clear  in  another  place.  The  rhombohedron  ia 
the  hemihedral  form  of  the  hexagonal  pyramid  m,  and  its  symbol  is  writ- 
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ten  ^ ,  or  usnallj  mU.    The  scalenohedron  is  the  con^ponding  hemihe 

dral  form  of  the  twelve-sided  pyramid,  and  its  symbol  is  written  \(m^  or 
m'li^.  The  latter  symbol,  proposed  by  Naumann,  has  reference  to  th« 
rhombohedron  whose  lateral  edge  corresponds  to  the  edge  Z  of  the  given 
scalenohedron. 

The  formulas  given  by  Naumann  for  reducing  the  symbol  \{7nrnl)  to  the 
form  m/B^  are  as  follows  : 


m 


,      f»(2— n)  ^_,    ,           n 
'  =  — i \  and  n  = , 

'  2  —  n 


n 


For  the  converse,  to  reduce  m'lff^  to  the  form  i(m-n). 


m  =  mW  and  n  = 


2n' 


n'  +  1 


253 


1.  RhornbohedronB^  mR. — ^The  methods  of  calculation  are  simple,  and 

will  be  understood  from  f .  252.     The  edg^  are  of 

two  kinds,  X  and  Zy  and  their  relation  is  such  that 

the  corresponding  angles  are  the  supplements  of 

each  other. 

Given  the  angle  of  the  edge  X.     A  spherical 

triangle  is  placed,  as  indicated  by  ABGy\M  f.  252, 

with  Its  vertices  respectively  on  the  edge  X,  the 

vertical  axis,  and  the  diagonal  of  the  rhombohe- 

dral  face.    In  this  triangle  A  =  iX,  B  =  60^ 

J  n      AAo   I.  i.  cos  A         cos  iX 

and  (7  =  90'',  but  cos  a  =   -; — =  =     .    ^^o; 

sm  jD  sm  60  ' 

here  a  is  the  inclination  of  the  diagonal  line 

upon  the  vertical  axis,  that  is,  the  complement  of 

a,  its  inclination  upon  the  basal  section.    Now  in  the  plane  triangle  ahc^ 

where  ao  =  the  lateral  axis  =:  1,  aJ  =  Vf,  hence,  tan  a  V'f  =  mc,  or  =  <?, 
the  vertical  axis  of  the  rhombohedron^  when  m  =  1. 
The  general  formulas  are  then  : 


sin  a  = 


oos^X 
sin  60^ 


,  and  tan  a  f^  =  mo. 


Obviously,  when  the  angle  of  R  (or  raR)  upon  the  basal  plane  O  can  be 
measured,  uie  supplement  of  this  is  the  angle  a.  Similarly  the  angle  Rt\l 
-  90°  =  a. 

In  a  series  of  rhombohedrons  in  a  vertical  zone,  the  tangent  law  can  be 
advantageously  applied.  Attention  must  also  be  called  to  the  zonal  relations 
of  certam  +  and  —  rhombohedrons,  remarked  on  p.  36 ;  these  relations 
may  be  conveniently  shown  by  means  of  Qnenstedt's  method  of  projection. 

2.  ScaZenohedronSy  mR^. — As  seen  in  f.  171,  p.  87,  the  edges  are  of  three 
kinds,  X,  Y^  Z,  and  two  angles,  must  in  general  be  measured  to  allow  of 
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the  determination  of  m  and  n.    The  methods  of  calcalation  are  not  alto- 
gether simple.    The  following  equations  are  from  Naumann. 

(a)  Given  Xand  Y. 

n  ia  found  from  ^-tJ:  =  ^^:   fmther,  sin  iZ  =  —  cos  iJT 

alflo^ 

tan  ^Z  /— 

cos  f  = 7~-,  and  cot  P  V8  =  wkJ. 

(*)  Given  JP  and  Z. 

2n   __    sin  ^Z-  ^,       tan  JZ  ^,  ^ 

((?)  Given  Zand  Z. 

2n    _    siniZ  tanJZ       ,         ^    .- 

If  ^,  that  is  the  inscribed  rhombohedron,  is  known,  one  measurement 
will  give  the  value  of  n.  Z  =  basal  edge  of  the  inscribed  rhombohedron 
(care  must  be  taken  to  note  whether  ^  is  obtuse  or  acute). 

(rf)  Given  X  sin  ^  =  2  cos  \X  cos  \Z'. 

ten  (0-iZO  cot  \Z'  =  n. 
(«)  Given  Y.  sin  ^  =  2  cos  iFcos  \Z. 

ten(^+i2r)cotiZ'  =  fi. 
(/)  GivenZ.  tan  iZ,  cot  iZV=  n. 

If  n  is  known.    From  X,  we  have  sin  \Z  =  -^  cos  iX  ;    then,  as 

n+1 


2n 
COB  f  is  obteined  as  under  (a),  and  then  ^»c. 


under  (a).    From  j;  sin  iZ  =  .^HL.  cos  iZ",  and  then  as  above.    From  Z, 

n— 1 


IV.  Obthobhombio  System. 


Of  the  three  rectengular  axes  in  the  Oi-thorhombic  system,  one  is  always 
taken  equal  to  unity,  in  this  work  the  shortest  \di).  This  leaves  two 
unknown  quantities  to  be  determined  for  each  species,  namely,  the  lengths 
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of  the  axes  c  and  I,  expressed  in  terms  of  the  unit  axis  dy  and  for  this 
end  two  independent  measurements  are  required.  The  simpler  cases  ai*e 
considei'cd  here. 

Calculation  of  the  Lengths  of  the  Axes. 

Lei   a  =  the  inclination  of  the  edge  Z  to  the  axis  d  (f .  253). 
Q  =  the  inclination  of  the  edge  X  to  the  axis  d. 
y  =  the  inclination  of  the  edge  Y  to  the  axis  l. 

From  the  plane  triangle  formed  by  each  edge  and  the  axes  adjacent 
(f .  253, 254)  the  following  relations  are  deduced,  when  d  =  1 1 


1)  Given  a  and  /9,  tan  /S  =  6  and  _tan  a  =  2. 
2^  Given  a  and  7,  tan  a  =  ?,  and  b  tan  7  =  <5. 
^3)  Given  fi  and  %     tan  fi  =  c^  and  ^  cot  7  =  i. 
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The  angles  a,  /9,  7  are  often  given  direct  by  measurement;  for,  obviously 
(f.  254,  255), 

a  =  the  semi-prismatic  angle  /  A  i  (over  i-i). 

B  =  the  semi-basal  angle  of  1-i  A  1-5. 

7  =  the  semi-basal  angle  of  1-iA  14. 

Also  7  A  i-t  =  a  +  90** ;  1-i  A  ^i  =  /9  +  90^  ;  li  A  (?  =  180^— ft  etc. 

From  the  octahedron  (f.  253),  the  angles  a,  /9, 7  are  calculated  immedi- 
ately by  the  following  formulas,  and  from  them  tlie  length  of  tlie  axes  as 
above. 

(a)  Given  X  and  Z  (spherical  triangle  I,  f .  253), 

«^  cos  iX         o        cos  iZ 

cosa=      .    ^     ;  cos  ^  =  -r-™ 

sm  iZ  sm  ^X 

(b)  Given  JTand  Z  (spherical  triangle  II,  f .  253), 

^    cosiJ^  cosiZ 

Smari:        .     l„   ;   COB  7=    -T-|-«- 

sm  iZ  sm  JZ 

(0)  Given  Xand  F  (spherical  triangle  III,  f.  253), 

o;«  iQ  —   COB  iY^    .„  _       cos  iX 
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If  any  one  of  the  angles  a,  /9,  or  7  is  given,  as  from  the  measurement  of 
aprism  or  dome,  and  also  any  one  of  the  angles  of  the  octahedral  edges  X, 
Yy  or  Z,  a  second  of  the  former  angles  may  be  calculated,  and  from  the 
two  the  axes  are  obtained  as  before.  The  formulas,  derived  from  the 
same  spherical  triangles,  are  as  follows  : 

(1)  Given  Xand  a,        sin  /9  =  cot  iXtan  a. 

X  and  /9,        tan  a  =  tan  \X  sin  /3. 
Xand  7,        cos  /S  =  cot  \X  cot  7. 

(2)  Given  7"  and  a,        sin  7  =  cot  ^JTcot  a. 

J^and^S,  cos  7  =  cot  il^cot^S. 

JTand  7,  cot  a  =  tan  \Y  sin  7, 

(8)  Given   Z  and  a,  tan  7  =  tan  \  Z  cos  a. 

Z  and  )8,  cos  a  =  cot  ^  Z  tan  7. 

Z  and  7,  sin  a  =  cot  i  Z  tan^S. 


CalciUation  of  the  valtces  of  m  and  n. 

The  above  formulas  cover  all  the  ordinary  cases,  the  only  change  that  is 
required  in  them  is  to  write  for  c,  J,  a,  in  equations  (1),  (2),  (3),  above,  (/,  ft',  a\ 
the  lengths  of  the  axes  for  the  given  form,  noting  tnat  </  =  mc^  and  so  on. 

1.  PrismSy  i-n  or  i-^.  As  remarked,  the  semi-prismatic  angle  (over  i-i) 
is  the  angle  a  (f .  254\  and  tan  a  =  Ttft.  If  the  calculated  value  of  n  is 
gi'eater  than  unity,  tne  form  is  written  00  0  :  wi  :  a(irn) ;  if  less  than  unity, 
the  form  is  written  oooibina  (^),  h  being  the  unit  axis.  Thus  ir^ 
(00  c  :  44 :  a)  becomes  i-5  (00  <? :  &  :  2a). 

2.  I>07ne8y  mri  and  m-l — ^No  further  explanation  is  needed  (f .  265) ;  here 
tan  iS  =  mc,  or  i  tan  7  =  wc*. 

3.  Octahedrons^  m, — Here  the  angle  a  is  always  known  (it  being  the 
same  as  for  the  unit-octahedron  whei*e  tan  a  =  b\  and  hence  a  single  meas- 
ured angle,  -Z",  T",  or  Z  will  give  the  values  of  either  /S  or  7  for  tne  given 
form,  and  tan  13  =  mCy  h  tan  7  =  mc. 

4.  Forms  m-4i  or  Wr4i. — ^The  measurement  of  the  angles  X^  Y^  Z  will 
give  the  values  of  a,  )8,  and  7  belonging  to  the  given  form,  and  tan  /9  =  mo, 
tan  a  =  nft,  etc. 

Here,  as  in  the  prisms,  if  n  is  less  than  unity,  when  the  axis  d  is  the  unit, 
the  symbol  is  transposed,  and  the  axis  b  made  the  unit,  tlius  2oi\b  la  (2-^ 
becomes  ic:b  :2a  (4-2). 

If  the  angle  between  the  form  m-n  (or  m-^)  and  either  of  the  pinacoids 
can  be  measured,  the  method  of  calculation  is  essentially  the  same  (Com- 
pare f .  248) ;  for 

m-n  A  O  (base)  =  supplement  of  the  angle  iZ] 

fririi  A  i-l  (macropinacoid^  =  supplement  of  the  angle  iYj  and 

m-n  A  i^i  (brachypinacoia)  =  supplement  of  the  angle  iX. 

The  method  of  calculation  of  planes  in  a  rectangular  zone  by  means  of 
die  tangents  of  their  supplement  basal  angles  finds  a  wide  application  in 
this  system.    It  applies  not  only  to  the  mam  zones  O  U)  iri  (macrodomes), 
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O  to  iA  (brachydomes),  i-i  to  iA  (Vertical  prisms),  and  I  \o  O  (unit  oclaho' 
drons),  but  also  to  any  z^ne  of  octahedrons  m-7i  (or  m-^)  between  0  and  i  h 
(or  i-kjj  and  any  transvei^se  zone  from  iri  to  Wri^  and  iri  tom4. 


Y.  MoNoouNio  Systeil 

In  the  Monoclinic  system  the  number 
of  unknown  quantities  is  three,  viz.,  the 
lengths  of  the  axes  6  and  &,  expressed  in 
terms  of  the  unit  clinodiagonal  axis  dy  and 
the  oblique  angle  fi  (also  called  C)^  between 
the  basal  and  vertical  diametral  sections, 
that  is,  between  the  axes  i  and  d.  Three 
independent  measurements  are  needed  to 
determine  these  crystallo^raphic  elements. 

The  angle  fi  is  obtuse  m  the  upper  front 
quadrants,  and  acute  in  the  lower  front 
quadrants;  the  planes  in  the  first  mentioned 
quadrants  are  distinguished  from  those  be- 
low by  the  minus  sign.  The  unit  octahe- 
dron is  made  up  of  two  hemi-octahedrona 
(—1  and  -fl),  as  shown  in  f.  256. 

Calculation  of  the  Lengtha  of  the  Aaes^ 
and  t/ie  Angles  of  oliUquity, 
Bepresent  (see  f.  256)  the  inclination  of  the 


Edge  -Z'on  the  axis  c  by  /i.    X  on  d  by  v,     Y  on  o  by  p. 
X'     "       "    h  " /.    Z'onrfbyi/'.   Zona  by  ir. 


^  For  the  relation  of  the  axes  in  terms  of  these  angles  we  have : 
(1)  In  the  oblique-angled  plane  triangle,  in  the  clinodiagonal  section 

sin  V 


a  :  0  =  sm  /i  :  sin  v^  or,  o  = 


sin /I 


when  a  =  1. 


a  sin  /8 

tan  iL  = :=. 

'^      (J  — acosp 


,         a  sin  i9 
tan  It  =  — 3. 


tan  V  = 


csin  P 
a  —  0  cos  fi' 


Furdier, 


^2  sin /.sin;.- 
sin  (/A  -  /) 

/i  +  p  +  ^  =  180' 


tan  1/'  = 


tan/S  = 


0  sin  fi 
a-h  0  cos/9 

2  sin  V  sin  i/ 
sin  (v  —  1/')  ' 


fl'  +  „'=  fi. 


(2)  In  the  right-angled  triangle  of  die  ortihodiagonal  section,  bootp  =  i. 
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Sin  the  basal  section,  d  tan  <r  s  &. 
e  above  forinulaB  serve  to  determine  the  lengths  of  the  axes  and  the 
angle  of  obliquity,  or,  if  these  are  known,  to  determine  the  values  if  m  and 
n  by  substituting  mo  for  o,  etc. 

Tiie  angles  /^t,  v,  p,  <r,  etc.,  must,  in  general,  be  determined  by  calculatioD 
from  measured  angles. 

Let  the  inclination  of  a  plane  in  the  positive  quadrant  on  the  clinodi 
agonal  section  be  denoted  by  X:  that  on  the  orthodiagonal  section  by  Y. 
tliat  on  the  basal  section  by  Z.  Let  also  the  corresponding  inclinations  oi 
a  plane  in  the  negative  quadrants  be  indicated  by  J[\  Y\  Z',  respectively 
(see  f.  256). 

It  is  to  be  noted,  when  the  pinacoids  are  present,  that 

+  1A<?  =  180*^-Z:     +lAi:^  =  180*'-r;    +1A«  =  180^-X; 
-  1  A  <?  =.  180^- Z^;   -lAi-t  =  180**-r';  -  lAi-i  =  180*^-X. 

The  same  is  true  for  the  corresponding  angles  of  the  general  form 
i  f?»-7i,  or  TTirA. 
Also,  when  ±  1  (f.  256)  alone  are  present  (or  m-n)  note  that 

+  1A  +  1  =  2X;  -1A-1  =  2X;    +  1 A  - 1  (ortiiodiag.)=  1^+ F  } 

(basal)=  Z^^Z. 

Any  three  of  these  angles  will  serve  to  give  for  the  unit  form  (±  1)  the 
length  and  obliquity  of  the  axes,  or,  when  these  are  known,  two  of  these 
angles  are  sufficient  to  deduce  the  values  of  m  and  n  for  any  unknown 
form. 

In  the  first  case,  as  one  of  the  three  measured  angles  must  be  either 
I^+  F  or  Z  4-  Z',  the  formulas  given  above  do  not  immediately  apply. 

For  example,  if  X,  X'  and  T-\-  Y*  are  given.  Placing  a  spherical 
triangle,  abc^  in  f.  256,  with  its  vertices  on  the  edges  X^  X,  and  Yy 
in  this  the  three  angles  will  equal  X,  X  and  Y-^-  Ir  respectively ;  here 
the  side,  aOy  opposite  the  angle  {Y-^  Y^  is  calculated,  which  gives  the  value 
of  /I  +  ^\  also  the  side,  io,  opposite  X' ;  then,  again,  in  the  right-angled 
spherical  triangle,  where  he  and  X  are  known,  ^  is  obtained,  thus  fi'  is 
known  and  also  )3,  The  lengths  of  the  axes  follow  from  the  formulae 
given  above. 

The  following  are  some  of  the  cases  which  may  occur: 

(a)  Given  Oy  and  U.     0\i-i  (front)=  180*'-  )8,  behind  =:  /8. 

%  Given  <?,  -  l-i,  and  +  1-t.    ON  -  l-t  =  180*'-  i;';  (?  A  +  1-t  =  180* 

—  K    By  the  formula  given  above,  tan  /8  =  -; — 7~z~U\'*  *^^^'  ^  ^  ^^^^ 

—  (/3+ 1/).  Thus  ^,  /i,  and  v  are  known,  and  from  them  the  relation  of  tiie 
axes  d,  and  b  is  deduced. 

(o)  Given  U,  -  1-t  and  +  1-t.  U  A  -  1-i  =  180^-  /*',*<  A  +  1-t  =r  ISO* 
-ffc    As  before,  tan  /9  ^  ^^U^  V  ^°^  *"  ^  "^^^^^  ^  "*"  ^^^ 
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((i)  Given  the  priBm  I  and  0  (f.  257).    In  the  spherical  triangle  ABC^ 

C  =  90°  (inclination  of  baae  on  oliiiodi agonal  section),  B  =OaJ,  A  = 

1(/"A  I).    Eenue,  the  eidea  C'A  and  GB  are  calculated  \   0A  =  ^  (or,  aa 

in  this  case,  180°—  ^  ;    CB  =  v,  whicii  gives  the  ratio 

of  the  latei-al  axes,  a  and  b. 

{e)  Given  i-i.  1-i  and   0.     O^i-i  (behind)  = /9,  an'3 
sin  P  tan  [(CAl-i)  -  90"]  ^  tan  /). 

(/)  Given  +  1  and  —  1,  form  as  in  f.  256.  The 
ane;lee  between  the  planes  +  1  and  —  1  and  the  diame- 
tral sections  are  indicated  by  the  letters  ^,  Y,  etc.,  as 
before  explained  (p.  77).  The  relations  between  these 
angles  and  the  angles  p.,  v,  p,  etc.,  are  given  in  the  fcl- 
lowing  fommlaB,  deduced  by  means  of  spherical  ti-iangles : 


■^ 
t  _ 


COB  T 


COB  X         COB  X' 


alsT, 


_coeZ 
sin  X' 


cos  »^  = 


_  COB  X  _  cos  X', 


tana 
~  sin  p  ' 


tr    tan «-      tan  p 


TT,     tan  ff 

a  Jl  =  -: — ^ 


tan  <r 

sin  i/ 


tan  p 
sin  /*'' 


_taTi  /* 
"sin  p  * 


tan  ^' 


.       „      tan  V  tan  • 

tanZ=-.  — ,    tan  Z*  = -^ . 

Bin  o*  sin  <r 


(M  Given  the  prism  /  and  —  1  (or  +  1).  The  angles 
I A  J,  —  1a/,  —1  A  —  1  are  measured.  In  the  sphencal 
triangle  ABB  (f.  258),  the  angle  A  =  HI  A  I),  B  = — 
1  A  f,B  =  i(—  1 A  —1)  =  X",  from  which  the  sides  AD 
=  p'  4-  (180"  -  j8)  and  AB  are  calcnlated.  Then  in  the 
second  triangle,  A^C,  C=  90°,  ^5  is  known,  alsn^l; 
ence,  CB  =  <rand  CA  =  180°  —  ;9  are  cQlcnlatBd.  Thos 
I''  and  11.'  and  /3  become  known,  and  the  relation  of  <i  to 
J ;  also  from  <r  follows  the  ratio  oi  d\job. 


Calovlation  of  the  values  of  m  and  a. 

In  general,  It  may  be  said  that  the  methods  of  calcnlation  are  the  eamg 
*»  tlioee  already  given.  In  each  case  the  valnee  of  it,Vy  p,<T  are  to  b« 
obtained,  and  tnose  introduced  into  the  asial  equations  (1,  2,  3)  given 
«bove  ffive  the  valnes  of  mc,  nb,  etc,  from  which  m  and  n  are  derived. 
When  in  the  general  form  m-n  {me  •.nb:a)n  is  fonnd  to  be  lees  than 
anity,  then  d  is  made  the  nnit  axis  and  the  form  is  written  m-h  (mo: 
b  :  no),  thns  ^:  ib:  a  becomes  4c  :  i  :  2a  (4-1),  the  same  is  tme  for  i-m 
and  wi, 

1.  Hemi-octahedrons,  d:^n----Two  measurements   are  needed,  ^ving 


ICATHBMATIOAL  OBTSTALLOOBAPHT.  79 

two  of  the  angles  X^  T",  Z,  etc.,  from  which  are  derived  /a  (or  i/),  p  (or  <r), 
and  from  the  proper  formulas  m,  and  n. 

The  following  nemi-octahedrons  require  one  measurement  only :  ±  vn^ 
±  ^WrTw,  ±  m-m,  ±  1-n,  ±  1-^  Further,  it  is  to  be  noted  in  regard  to 
them  that  the  forms  db  ^  have  the  same  ratio  of  the  lateral  axes  as  ±  1, 
that  is,  the  same  value  of  o*. 

Forms  db  1-^9  fti^d  ±  m^m^  have  the  same  ratio  of  the  axes  i  and  d  as  tlie 
unit  form  db  \  that  is,  the  same  values  of  /x,  v  (/Li',  i/'). 

Forms  ±  m-m,  ±  1-A,  have  the  same  ratio  of  the  axes  h  and  J)  with 
±  1,  that  is,  the  same  value  of  p. 

3.  Form  i-n  (or  i-A). — ^If ,  as  before,  X^  Y  represent  the  inclinations  of 
the  given  prism  on  the  elinodiagonal  and  orthodiagonal  sections  respect- 
ively, it  is  to  be  noted  that : 

X+  ^  =  90^ 

Similarly  to  f .  257,  we  obtain,  in  general,  for  any  form,  irn^ 

sin  B  tan  X        ,  -     .  *  J  cot  ^ 

n  — £1-- .  and  for  t-n,  n  =  — : — 3-. 

0  ^  '  sm/8 

Since  i-iAiri^  90^,  the  tangent  law  can  be  applied  in  this  zone  advan 
tageously.    If  X\  Y^  are  the  corresponding  angles  for  the  unit  prism  /, 
then  for  i-n, 

tan  X      tan  T^  ,    .       .  .  tan  X*     tan  F 

"^^tST^^tSTT^    ^^^  *^"  ^^^''^tijrar^teETr^- 

3.  Forms  ±  tti-^,  hemi-orthodomes. — ^For  each  form  the  corresponding 

values  of  /a,  v  (jm,\  v')  are  to  be  obtained  by  measurement  or  else  calculated, 

and  from  them  the  value  of  mo  obtained  from  the  formulas  (1),  mo  = 

BJn  V 
•  ' ' «  eic« 
6m /Li 

4.  Forms  97iri,  clinodomes. — Similarly  as  with  the  prisms,  when  Xand 
Z  denote  the  angles  with  the  elinodiagonal  and  basal  sections, 

X+Z=90^ 
For  any  form  mA^ 

JcotX 

m  -az ; 3, 

0  sm  /9' 
Or  by  the  tangent  law^  X^  being  the  corresponding  angle  £ar  1\ 

tanX* 


m  = 


srr- 
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Tbiglinio  Stbteil 

The  triclinic  syBtem  is  characterized  by  its  entire  want  of  symmetrj. 
The  inclinations  of  all  the  diametral  planes,  and  hence,  the  inclination  ol 
the  axes,  are  obliqne  to  one  another.  There  are,  then,  five  unknown  quan- 
tities to  be  determined  in  each  case,  viz.,  the  three  angles  of  obliquity  of 
the  axes,  and  the  lengths  of  the  axes  I  and  iy  &  being  made  =  1. 

The  axes  are  lettered  as  in  the  orthorhombic  system :  c  =  the  vertical 
axis,  J}  =  the  macrodiagonal  axis,  and  d  =  the  brachydiagonal  axis. 

Let  (f.  259)  a  =  angle  between  the  axes  i  and  i\ 
tW  /3  =  angle  between  the  axes  i  and  &\ 

[^  7  =  angle  between  the  axes  I  and  &. 

Also,  let  A  =  angle  of  inclination  of  the  diame- 
tral planes  meeting  in  the  axis  d;  H  =  angle  of 
inclination  for  those  intersecting  in  the  axis  Oy  and 
C  =  the  angle  of  those  meeting  in  c. 

The  macix>diagonal  {m-h)  and  brachydiagonal 
(m-/i)  planes  are  indicated  as  in  the  orthorhombic 
system,  also  the  planes  opposite  the  acute  angle 
(p)  are  called  +,  and  those  opposite  the  corre- 
sponding obtuse  angle  —  ;  furthermore,  the  planes 
in  front,  to  the  right  (and  oehind,  to  the  left)  are  distinguished  by  an  accent, 
as  fnrn\ 

In  the  fundamental  octahedron  formed  by  four  sets  of  planes,  these  are^ 
taken  in  the  usual  order  (f.  227),  —  1',  ^  1,  +1',  +  1,  and  below,  +  1', 
+  1,-1'  -1. 

In  the  aetermination  of  any  individual  crystal  belonging  to  this  system, 
the  axial  directions  as  well  as  unit  values  have  to  be  assumed  arbitrarily ; 
in  many  cases  {e.g.j  axinite)  the  custom  of  difFerent  authors  has  varied 
much.  Two  points  are  to  be  considered  in  making  tlie  choice :  1,  the  cor- 
respondence in  form  with  related  species,  even  if  Uiese  be  not  triclinic,  as, 
for  example,  in  the  feldspar  family ;  and  2,  the  ease  of  calculation,  which 
is  much  lacilitated  if,  or  the  planes  chosen  as  f  andamental,  the  pinacoids 
are  all,  or  at  least  in  part,  present. 

In  general,  the  methods  of  calculation  are  not  simple.  Some  of  the 
most  important  relations  are  given  here  (from  Naumann).  In  actual 
{practice,  problems  which  arise  may  be  solved  by  some  of  tne  following 
formulas,  or  by  means  of  a  series  of  appropriate  spherical  triangles,  used 
as  in  the  preceding  pages,  and  by  which,  from  the  measured  angles,  the 
required  elements  of  the  forms  may  be  obtained. 
in  addition  to  the  angles  already  defined,  let,  as  follows  (f .  259), 

^=  inclination  of  a  plane  on  the  brachydiagonal  section ; 
y  =  "  "  "      macrodiagonal        " 

Z=  "  "  "     basal  " 

Let  the  inclination  of  the  edge, 

X^oni^fiy  Y  on  i^py  Zondz^Vy 

X  on  d^Vy  T  onl^iTy  Z  on  3  =  r. 
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When  the  three  pinacoids  are  present,  the  anales  Aj  JB,  C  are  given  by 
aieasarement.  These  angles  are  connected  with  the  axial  angles  by  the 
following  equations : 

COSjA  +  COS^CObC  ^        COB^+C06C7cOB-4. 

oosa  = : — ^— ; — 7= ;     cosp  = ; — 7=r-T — -7 ; 

Bin  j3  Bin  G        '  sin  6'  sin  ^ 

cos  O  +  cos  A  cos  B 

cos  7  =  ; -r-z n ; 

Sin  ^  sm  x^         ' 
also, 

sin  a  :  sin  /9  :  sin  7  =  sin  ^  :  sin  iff  :  sin  0. 

The  relations  between  the  angles  a,  /3j  y,  and  the  angles  fi,  Py  etc.,  are  as 
follows : 

2  sin  p  sin  p'      2  sin  tt  sin  ^ 

tan  a  =  — : — f- ^  =  —. — j jr-. 

sin  (p  —  />')        sin  (tt  —  wO 

P  __  2  sin  /Lt  sin  fj/  _  2  sin  v  sin  p' 
sin  (/*  —  fjb')   ""  sin  (v  —  i/)  * 

__  2  sin  T  sin  t'  __  2  sin  a  sin  cr^ 
'  ~"  sin  (t  —  t')   ""    sin  (<r  —  <r')  * 

a  +  9r  +  p=:/9  +  /i  +  i;  =  7  +  cr  +  T  =  180**. 


Also, 


The  relations  between  JT,  Yj  Z,  and  Aj  -ff,  (7,  and  /x,  i;,  etc.,  are  given 
by  the  following  formulas,  in  which  the  sum  and  difference  of  ^  and  F", 
etc.,  are  calculated,  and  from  them  thdlMngles  ^,  Yj  etc.,  themselves  are 
obtained : 

^  '  COS  i(/J  +  /*) 

ten KX- T)  =  cot  i^ .  ri^-^j. 

Sin  4(/a  +  /*) 

ten  i(-^+  Z)  =  cot  i^  .  ^  j^*^  ~  "l 
tan  KX-  Z)  =  cot  i4  . "!°  ^"^  "  "l 

^  '  Bin  HfT  +  V) 

ten  K^+  Z)  =  cot  i5 .  "^fi^'T'^j. 

^  '  COB  J(t  +  «■) 

ten  i(r-  Z)  =  cot  i5 .  '!°  j^""  7  ^l 
^  ■'  Bin  i(T  +  w) 
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COB  1^-4-  COB  2r  COB  6?                         COB  Z  +  COB  JT  COB  A 
OOB  U  =   -, :^»— . —  7^ ,      COB  P  =  : ^sr— ; 3 • 

'^  BiA  X  bin  C7       '  Bin  X  Bin  J. 

COB  X+  COB  T'COB  C7                          COB  Z+  COB  T'COB  -ff 
COB  p  = : is^F— : 7= ^      COB  TT  = ; ^7-    '       t> • 

'^  Bin  J^  Bin  C       '  Bin  Jr  Bin^ 

COB  X  +  COB  Z  COB  -4.  COB  Y -{-  COB  Z  COB  £ 

COB  Cr  =  ; 7f ; 2 y       COB    T  =  ; jy—, jj b 

Bin  Z  Bin  ^        '  Bin  Z  Bin  H 

Further,  Bin  X:  Bin  7=  sin  p  :  Bin  /i. 

Bin  Y:  sin  Z  =  Bin  t  :  Bin  tt. 
Bin  Z :  Bin  X  =  sin  1/ :  sin  cr. 

The  following  equations  give  the  relations  of  the  angles  /i«  y,  py  etc  to 
the  axes  and  axial  angles : 

a  Bin  fl  ^  c  sin  fi 

tan  a  = ^— -t?  ;    tan  v  = ^-— 7^« 

•^      (J  — (zcosp  a  — 0C06/3 

ft  sin  a  ^  c  sin  a 

tan  p  =  T ;    tan  tt  =  v . 

'^      0  — 6cosa  6  — ccosa 

a  sin  7  ^  J  sin  > 

tan  T  =  T —  ;     tan  cr  = « — ^ — . 

0  —  a  cos  7  a  —  6  cos  7 

Also,  Bin  T  :  sin  cr  =  <I :  2, 

sin  p  :  sin  TT  =  ?  :  c, 
sin  1/ :  sin  /i  =  (i :  <{. 
For  any  form  m-n, 

7»-/»At4  =  180*»-  Y;  w-nAi-«  =  180°— X;  m-nA  0  =  180^— Z. 

For  a  vertical  hemiprism,  X+  7"+  (7=  180% 

d:b  =  sin  JT .  sin  a  :  sin  X :  sin  /3. 

For  a  macrodiagonal  hemidorae,  Y+Z  +  JB  =  180% 

df :  ^  =  sin  Y.  sin  a  :  sin  Z  •  sin  7. 

For  a  brachydiagonal  hemidome,  X+Z+-4.  =  180% 

2  :  ^  =  sin  X  sin  /9  :  sin  Z  sin  7. 

By  writing  7?w  for  c,  nb  for  ft,  etc,  these  formulas  will  answer  also  for 
the  determination  of  m  and  n.  It  is  supposed  in  the  above  that  the 
measured  edge  is  pai*allol  to  the  axis  of  the  given  hemiprism,  etc ;  when 
this  is  not  the  case  the  relations  are  a  little  less  simple. 
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Mbasubsuent  Off  THE  Ahqleb  OF  Cbybtals.  * 

The  angles  of  crj'Stals  are  meaenred  bj  meaiis  of  instruments  which  aie 
caned  goniometers. 

The  sinrnleat  form  of  these  inBtrumente  is  the  hand-goniometer,  repre- 
Bboted  in  f.  260.    It  consists  of  an  arc,  giuduated  to  half  degrees,  or  finer, 


and  two  movable  arms.  In  the  instmment  figured,  one  of  the  arms,  ao, 
has  the  motion  forward  and  backward  by  means  of  slits  gh,  ik ;  the  other 
anil,  od,  has  also  a  similar  slit,  and  in  addition  it  turns  around  the  centre  of 
the  aru  as  an  axis.  The  planes  whose  inclination  is  to  be  ineasiired  ai'e 
applied  between  the  arms  ao,  co,  and  the  latter  adjusted  so  that  they  and 
the  surfaces  of  the  planes  are  in  close  contact  lliis  adjustment  must  be 
made  with  care,  and  when  the  instrument  is  held  np  to  the  lieht  none  must 
pass  through  between  the  arin  and  the  plane.  The  number  of  degrees  read 
off  on  the  arc  between  4  and  the  left  edge  of  d  (this  edge  being  m  the  line 
of  the  centre,  o,  of  the  arc)  is  the  angle  I'equired.  The  motion  to  and  fro  by 
means  of  the  BliCa  is  for  the  sake  of  convenience  in  measuring  smaller 
imbedded  crystals.  In  a  much  better  form  of  the  instrnment  the  arms  are 
wholly  separated  from  the  are  ;  and  the  are  is  a  delicately  graduated  circle 
to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  lai-ge  crystals,  and  those 
whose  faces  are  not  well  polished  ;  the  measui'ements  with  it,  however,  are 
seldom  within  a  qaarter  or  a  degree  of  accuracy.  In  the  finest  specimens 
of  crystals,  where  the  planes  are  smootli  and  lustrons,  results  far  more 
accurate  may  be  obtained  by  means  of  a  difFereut  instimment,  called  the 
reflecting  goniometer. 

SeJUxtiTig  GonioTneter. — This  instrnment  was  devised  by  Wollaston,  in 
1S09,  but  it  has  been  much  improved  in  its  various  parts  since  his  time, 
especially  by  Mitscherlich.  The  principle  on  which  it  is  constructed  may 
be  understood  by  reference  to  the  following  figure  (f.  261),  which  repre- 
sents a  crystal,  whose  angle,  aho.  is  required. 

The  eye  at  P,  looking  at  the  face  of  the  crystal,  "bo,  observes  a  reflected 

"  See  viho  SupplemenUry  Chapter,  pp.  116  et  seq. 
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image  oi  in,iii  the  direction  of  Pn.    The  crystal  raaynowbe  ao  chiuiged  in 

its  position,  that  Che  same  image  is  Been  reflected  ti; 

3^1  the  next  face   and  in   the  same   direction,   Pn.    To 

^         g^    effect  thiB,  the  crystal  muBt    be   turned  around,  nntll 

■  "^^   /      j'^''    "^  has  the  present  direction  of  he.     The  angle  dhc^ 

^C^^-<r  meaaiires,  therefore,  the  number  of   degreoa  tliroagh 

isff  which  the  crystal  must  be  turned.     Bnt  die,  subtracted 

"^-^ilBBg  from   180°,  equals  the  required  angle  of  the  crystal, 

die.    The  crj'stal  is,  therefore,  passed  in  its  revolution 

through  an  angle  which  ie  the  supplement  of  the  requii-ed  angle.    This 


angle  evidently  may  be  measured  by  attaching  the  crystal  to  a  gradnatod 
circle,  which  shoald  torn  with  the  crystal. 
The  accompanying  cut  (f.  262)  represents  a  refiecting  goniometer  made 
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by  Oertling,  in  Berlin.  It  will  suffice  to  make  clear  the  general  character 
of  the  inBtrnment,  as  well  as  to  exhibit  some  of  the  reiincments  added  foi 
the  sake  of  greater  exactness. 

The  circle,  O^  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half  min- 
utes. The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  h ; 
this  may  be  removed  for  convenience,  but  in  its  final  position  it  is,  as  hero, 
at  the  extremity  of  the  axis  of  the  instrument.  This  axis  is  moved  bjr 
means  of  the  wheel,  n ;  the  graduated  circle  is  moved  by  the  wheel,  m. 
These  motions  are  so  arranged  that  the  motion  of  n  is  independent,  its  axis 
being  within  the  other,  while  on  the  other  hand  the  revolution  of  m  moves 
both  the  circle  and  the  axis  to  which  the  crystal  is  attached.  This  ar- 
rangement is  essential  for  convenience  in  the  use  of  the  instrument,  aa 
wilfbe  seen  in  the  course  of  the  following  explanation. 

The  screws,  c,  d^  are  for  the  adjustment  ox  the  crystal,  and  the  slides, 
a,  ft,  serve  to  centre  it. 

The  method  of  procedure  is  briefly  as  follows :  The  crystal  is  attached 
by  means  of  suitable  wax  at  ^,  and  adjusted  so  that  the  direction  of  the 
combination-edge  of  the  two  planes  to  be  measured  coincides  with  the  axis 
of  the  instrument ;  the  wheel,  n,  is  turned  until  an  object  {e,g.^  a  window* 
bar)  reflected  in  one  plane  is  seen  to  coincide  with  another  object  not 
reflected  {fi.g,^  a  chalk  line  on  the  floorj,  the  position  of  the  graduated  circle 
is  observed,  and  then  both  crystal  ana  circle  revolved  together  by  means 
of  the  wheel,  m^  till  the  same  reflected  object  now  seen  in  the  seco)iA  plane 
again  coincides  with  the  fixed  object  (that  is,  the  chalk  line) ;  the  angle 
through  which  the  circle  has  been  moved,  as  read  off  by  means  of  3ie 
vernier,  is  the  supplement  angle  between  the  two  planes. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of 
which  the  following  are  the  most  important : 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly 
stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence, 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance 
should  not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted;  this  is  so  when  the  line 
seen  reflected  in  the  case  of  each  plane  and  that  seen  directly  with  which 
it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only  when 
the  intersection  ed^  of  the  two  planes  measured  is  exactly  in  the  direction 
of  the  axis  of  the  mstrument,  and  perpendicular  to  the  plane  of  the  circle. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection -edge  must  coincide  with  a  line  drawn  through  the  re- 
volving axis.  Tliis  condition  will  be  seen  to  be  distinct  from  the  pi-eced- 
ing,  wnich  required  only  that  the  two  directions  should  be  the  same.  The 
error  arising  when  this  condition  is  not  satisfied  diminishes  as  the  object 
reflected  is  removed  farther  from  the  instrument,  and  becomes  zero  if  the 
object  is  at  an  inflnite  distance. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  bv 
flie  use  of  a  telescope,  as  t,  f.  262,  with  slight  magnifying  power.  Thii 
is  arranged  for  parallel  light,  and  provided  with  spider  lines  in  its 
fincus.      It  admits  also  of  some  adjustments^  as  seen  m  the  figure,  but 
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when  nsed  it  must  be  directed  exactly  toward  the  axis  of  the  gonionioter 
This  telescope  has  also  a  little  magnifying  glass  {g,  f.  262)  attached  to  it, 
which  allows  of  the  crystal  itself  being  seen  when  mounted  at  k,  Tliia 
latter  is  used  for  the  first  adjustments  of  both  planes^  and  then  slipped 
aside,  when  some  distant  object  which  has  been  selected  must  be  seen 
in  the  field  of  the  telescope  as  reflected,  first  by  the  one  plane  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  aajustmentfl 
have  been  made  so  that  in  each  case  the  object  coincides  with  the  centre  of 
the  spider-cross  of  the  telescope,  and  when  further  the  edge  to  be  measured 
has  been  centered,  the  crystal  is  ready  for  measurement 

This  telescope,  obviously,  can  be  used  only  when  the  plane  is  smooth  and 
large  enough  to  give  distinct  and  brilliant  reflections.  In  many  cases 
sumcient  accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and 
a  white  chalk  line  on  the  floor  below  for  the  two  objects ;  the  instrument  in 
this  case  is  placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to 
the  window ;  tlie  eye  is  brought  very  close  to  the  crystal  and  held  motionlesa 
during  the  measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second 
stands  opposite  the  telescope,  t  (see  fi^re),  the  centres  of  both  telescoiies 
being  in  the  same  plane  nerpendicmar  to  the  axis  of  tlie  instrument. 
This  second  telescope  has  also  a  hair  cross  in  the  focus,  and  this,  when 
illuminated  by  a  brilliant  gas  burner  (the  rest  of  the  instrument  being 
protected  from  the  light  by  a  screen)  will  be  reflected  in  the  successive 
faces  of  the  crystal.  The  reflected  cross  is  brought  in  coincidence  with  the 
cross  in  the  flrat  telescope,  first  for  one  and  then  for  the  other  plane.  As 
the  lines  are  delicate,  and  as  exact  coincidence  can  take  place  only 
after  perfect  adjustment,  it  is  evident  that  a  high  degree  of  accumcy  is 
possible. 

Still  more  tlian  before,  however,  are  well-polished  ciystals  required,  so 
that  in  the  majority  of  cases  the  use  of  the  ordinary  double  telescopes  is 
impossible.  Very  often,  however,  the  second  telescope  may  be  advantage- 
ously replaced  by  another  having  an  adjustable  slit  in  its  focus,  as  proposed 
by  Websky,  allowing  of  being  made  as  narrow  as  is  convenient ;  or,  as  sug- 
gested by  Schrauf,  the  spioer-lines  of  the  second  telescope  may  be  re- 
placed by  a  piece  of  tin-foil,  in  which  two  fine  cross  lines  have  been  cut; 
these  are  illuminated  by  a  gas-burner.  By  these  methods  the  reflected 
object  is  a  bright  line  or  cross,  instead  of  tne  dark  spider-lines,  and  it  is 
visible  in  the  nrst  telescope  even  when  the  planes  are  extremely  minute, 
or,  on  the  other  hand,  somewhat  rough  and  uneven  ;  the  image  is  naturally 
not  pei*fectly  distinct,  but  sufiicienth'  so  to  admit  of  good  measurements 
(tf.<7.,  within  two  or  three  minutes). 

The  third  and  fourth  conditions  are  the  most  difliicult  to  fulfil  absolutely. 
In  the  cheaper  instruments  the  contrivance  to  accomplish  the  end  often 
consists  of  a  jointed  arm  so  placed  as  to  have  two  independent  motions  at 
right  angles  to  each  other,  in  the  best  instruments  the  greatest  care  and 
attention  is  paid  to  this  point,  and  a  great  variety  of  ingenious  contrivances 
have  been  devised  to  overcome  the  various  practical  dimculties  arising. 

The  cut  (f.  262)  shows  one  of  these  in  its  simpler  form  The  crystal  ii 
approximately  adjusted  by  the  hand,  and  then  the  operation  completed  by 
means  of  the  screws  c  ana  cU    These  give  two  motions  at  right  angles  to 
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each  other,  and  the  arrangement  is  snch  that  the  motions  are  made  on  the 
wrface  of  a  spherical  segment  of  which  the  crystal  itself  occupies  the 
centre,  so  that  it  is  not  thrown  entirely  out  of  the  axis  of  the  instrument 
by  the  motions  of  the  screws.  The  adjustment  having  been  accurately 
made,  the  edge  is  centered  by  means  of  two  sliding  carriages,  a,  J,  moving 
at  right  angles  to  each  other;  here  they  are  moved  by  hand,  but  in  better 
instruments  by  line  screws.  The  edge  must  be  first  centered  as  carefully  as 
practicable,  then  the  complete  adjustments  made,  and  finally  again  centered, 
as  before,  to  remove  the  excentricity  caused  by  the  movement  of  the  ad- 
justmeut  screws.  The  successful  use  of  the  most  elaborate  instruments  is 
only  to  be  attained  after  much  patient  practice. 

Theoretical  discussions  of  the  various  errors  arising  in  measurements  and 
tlie  weight  to  be  attached  to  them  have  been  given  by  Kuppfer  (Preis- 
fichrift  iiber  genaue  Messung  der  Winkel  an  Krystallen,  1825),  also  by 
Kaumanu,  Grailich,  Schrauf,  and  others  (see  literature,  p.  iv). 

It  has  been  stated  that  when  the  two  planes  have  been  adjusted  in  the 
^niometer  so  that  their  combination-edge  is  parallel  to  the  axis  of  the 
instrument,  the  refiectious  given  by  them  will  be  parallel.  It  is  evident 
from  this  that  any  other  planes  on  the  crystal  which  are  in  tlie  same  zone 
with  the  two  mentioned  planes  will  also  give,  as  the  circle  is  revolved, 
reflections  parallel  to  these.  This  means  gives  the  test  referred  to  on 
p.  53,  leading  on  the  one  hand  to  the  discovery  of  zones  not  indicated  by 
parallel  intersections,  and  on  the  other  hand  showing,  in  regard  to  supposed 
zones,  whether  they  are  so  in  fact  or  not. 

The  degree  of  aocaxa<gr  and  oonstanoy  in  the  angles  of  orystalfl  as  they  are  given  by  natore 
k  an  important  subject.  Ozystallography  as  a  science  isl)ased  upon  the  assumption  that  the 
fonns  miade  by  nature  are  pezf  eotly  accurate,  and  whenever  exact  measurements  are  possible, 
lupposing  the  crystals  to  haye  been  free  from  disturbing  influenoeSf  it  has  been  found  that 
ibis  assumption  is  warranted  by  the  facts ;  in  other  wonls,  the  more  accurate  the  measure* 
ments  the  more  closely  do  the  angles  obtained  agree  with  those  required  by  theory.  An 
example  may  illustrate  this : — On  a  crystal  of  sphalerite  (zinc-blende),  from  the  Binnenthal, 
exact  measurements  were  made  by  Kokscharow  to  test  the  point  in  question.  He  found  for 
the  angle  of  the  tetrahedron  70^  31'  48',  required  70''  81'  44' ;  for  the  octahedral  angle 
l^"  27  42%  required  lOO**  28'  16';  and  for  the  angle  between  the  tetrahedron  and  cube 
125*  15'  53',  required  125°  15'  52'.  The  ciystaUographic  works  of  the  same  author,  as  weU 
as  those  of  many  other  workers  in  the  same  field,  contain  many  illustrations  on  the  same 
subject .  At  the  same  time  variations  in  angle  do  occasionaUy  occur,  from  a  change  in 
chemical  compomtion,  and  from  various  disturbing  causes,  such  as  heat  and  pressure  (see 
further,  p.  107).  Farther  than  this,  it  is  universally  true  that  Qzaot  measurements  are  in 
oomparatively  few  cases  possible.  Many  cxystals  are  latge  and  rough,  and  admit  of  only 
approximate  results  with  the  hand  goniometer;  others  have  faces  which  are  more  or  less 
pdished,  but  which  give  uncertain  reflections.  This  is  due  in  some  cases  to  striations,  in 
others  to  the  fact  that  the  surfaces  are  curved  or  more  or  less  covered  with  markings  oi 
etchings,  like  those  common  on  the  pyramidal  planes  of  quartz.  In  all  such  cases  there  is  a 
greater  or  less  discrepancy  between  the  measured  and  (»lculated  angles. 

The  importaat  point  to  be  noted  always  is  the  degree  of  accuracy  attainable,  or,  in  other 
words,  the  probable  error.  The  true  result  to  be  accepted  is  always  to  be  obtained  by  the 
dJscossion  of  aU  the  measurements  in  accordance  with  the  methods  of  least  squares.  This 
method  involves  considerable  labor,  and  in  most  cases  it  is  sufficient  to  take  the  arithmetical 
mean,  noting  what  degree  of  weight  is  to  be  attached  to  each  measurement.  It  is  to  be  noted 
that  where  meaaurements  vary  largely  the  probable  error  in  the  mean  accepted  will  be  con* 
iiderable ;  moreover  au  approximate  measurement  may  not  be  the  more  accurate  because  it 
htppena  to  agree  doeely  with  the  theoretioal  angle. 

For  the  determination  of  the  qymbols  of  planes,  measurement  accurate  within  80',  or  even 
l^^re  generally  sulflcientu 

When  planer  axe  zoogh  and  deatitnte  of  luatie  the  angles  can  beet  be  obtaised  with  ti» 
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refleoting  goniometer,  the  reflectiona  of  the  light  from  an  objeot  Kke  a  cancQe-fiame,  befnf 
taken  in  place  of  more  difitinct  imaget. 

For  imbedded  crystals,  and  often  in  other  oaaeii,  measnrements  may  be  Teiy  adyantag^ 
oubIj  made  from  impressions  in  some  material,  like  sealing-wax.  Angles  thns  obtained  onghi 
to  be  aocorate  within  one  degree,  and  tfnfflce  for  numy  purposes.  It  is  sometimes  of  advan- 
tage to  attach  to  the  planes  to  be  measured,  when  qoiCe  rough,  fragments  of  thin  glass,  from 
which  reflections  can  be  obtained;  this  must,  howerer,  be  done  with  care,  to  avoid  oonsider- 
able  error, 

COMPOUND,  OR  TWIN  CRYSTALS. 

Twin  obtstals  are  those  in  which  one  or  more  parts  regularly  arrranged 
are  in  reverse  position  with  reference  to  the  other  part  or  parts.  Tney 
often  appear  externally  to  consist  of  two  or  more  crystals  symmetrically 
united,  and  sometimes  have  the  form  of  a  cross  or  star.  They  also  exhibit 
the  composition  in  the  reversed  arrangement  of  part  of  the  planes,  in  the 
striee  of  the  surface,  and  in  re-entering  angles  ;  in  other  cases  the  compound 
structure  is  detected  only  by  polarized  light  The  following  figures  are 
examples  of  the  simpler  kinds.    Fig.  263  is  a  twinned  octahedron  with 
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re-entering  angles.    Fig.  263a  represents  the  regular  octahedron  divided 

into  two  halves  by  a  plane  parallel  to  an  octahedral  face  ;  tlie  revolving  of 

the  upper  half  around  180®  produces  the  twinned  form.     Fig.  264  consists 

of  a  square  prism,  with  pyramidal  terminations,  twinned  parallel  to  a 

diagonal  plane  between  opposite  solid  angles,  as  illustrated  in  f.  264a, 

a  representation  of  the  simple  form.    A  revolution  of  one  of  the  two 

halves  of  f.  264a  180®  about  an  axis  at  right  angles  to  the  diagonal  plane 

outlined  in  the  figure,  would  produce  the  form  in  fiff.  264. 

Crystals  which  occupy  parallel  positions  with  reierence  to  each  other, 

that  IS,  those  whose  similar  axes  and  planes  are  parallel,  are  not  prnperly 

called  twins ;  the  term  is  applied  only  where  the  crystals  are  united  in  their 

reversed  position  in  accordance  with  some  deducible  mathematical  law.     Li 

conceiving  of  them  we  imagine  first  the  two  individuals  or  portions  of  the 

same  individual  to  be  in  a  parallel  position,  and  then  a  revolution  of  180* 

to  take  place  about  a  certain  line,  as  axis,  which  will  bring  them  into  the 

twinning  position. 

An  exception  to  the  principle  in  regard  to  parallel  axes  li  afforded  in  the  case  of  hemiha* 
dralorystala,  in  some  of  whioh  a  rerolntion  of  180*"  has  the  eifeot  of  prodnoing  anappamtlj 
holohedral  form»  the  azea  of  the  parts  retolTed  remaining  parallel    . 
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In  Mniia  Mku'  (f.ff.,  hexagaaal  forms),  ataroliitioii  of  SO^'iroiild  prodnbo  the  Iwiimed 
tonn,  tint  in  treating  of  the  subject  it  U  better  to  mak«  the  naif  arm  oaanmption  of  a  tstoIii, 

tiOD  of  itHi^,  vhioh  \riil  answer  in  all  aaaes. 

It  is  noC  to  be  gappoaed  that  twine  hare  aotnall?  bean  formed  bf  saah  a  Tevolation  of  the 
parts  of  crystals,  for  the  twin  is  the  resnlt  of  regalai:  moleoalot  growth  or  entailment,  like 
that  of  the  simple  crystal.  This  reference  to  a  revolitlion,  and  on  a^  of  revUution^  is  only 
a  convenient  means  of  describing  the  forms.  But  while  this  is  true,  it  is  ImpoitonCi  to  ob- 
serre  that  the  lata  deduced  to  explain  the  twinning  of  a  crystal  hare,  from  a  molecular 
•tondpoiut,  a  teal  existenoe.  Tike  measuremeats  of  Sobraof  on  twins  of  cemssite  (Tsoh. 
Min.  Mitth.,  1878,  309)  show  the  oomplete  oorrespondenoe  between  the  aotnal  angles  and 
those  roquirad  in  accordance  with  the  law  of  twinning. 

Twinnijig  axis. — The  line  or  axis  abont  wbich  the  revolution  of  180°  \a 
■apposed  tx>  take  plaue  is  (;alled  the  twinnlng-axis  (Zwillingsaxe,  Germ?)^ 
or  axis  of  revolution. 

The  following  law  has  been  dednced  in  regard  to  this  axis,  npou  .which 
the  theory  of  the  whole  subject  depends : 

Tlie  twinning  axis  is  always  a  possible  crystallographic  line,  usnallj 
either  an  axis  or  a  normal  to  some  possible  crystalline  plane. 

Ttoinning-plane. — The  plane  normal  to  the  axis  or  revolntion  is  called 
the  twinnirig-pjane  (Zwillingsflauhe,  Oenn,),  The  axis  and  plane  of  twin- 
ning bear  the  same  relation  to  both  individiials  in  their  reversed  position ; 
consequently  (exiiept  in  some  of  hemihedrai  and  triclinic  foi-ms)  the  twin- 
ned crystals  are  svrametiical  with  I'eference  to  the  t winning-plane. 

Conypositioivmane. — The  plane  by  which  the  reversed  crystals  are  united 
is  the  coinposittonrplane  or  -Jaee  (ZusammeiisetzcngsfliichG,  Germ.).  This 
and  the  twinning-plane  very  commonly  coincide ;  this  is  true  of  the  aimplo 
SJEamplea  given  above  (f,  263,  264)  where  the  plane  abont  which  the  revoln- 
tion is  conceived  as  having  taken  place  (normal  to  the  twinning  axis),  and 
the  plane  by  which  the  serai-individnals  are  united,  are  identical,  \Vlien 
not  coinciding  the  two  planes  are  generally  at  right  angles  to  each  other, 
that  is,  the  cornpoeition  face  is  parallel  to  the  axis  of  revolution.  Examples 
of  this  are  given  beyond  (p.  99).  Still  again,  where  the  crystals  are  not 
regnlarly  developed,  and  where  they  interpenetrate,  and,  as  it  were,  exer- 
cise a  disturbing  influence  upon  each  other,  the  contact  surface  may  be 
interrapted,  or  may  be  exceedingly  irregular.     In  such  cases  the  axis  and 

Elane  of  twinning  have,  as  always,  a  detinite  position,  but  the  compoeition- 
tce  has  lost  its  signilicance. 

Thus  in    qnartz    the  interpenetrating  parts  have  »W 

often  no  rectilinear  boundary,  but  mingle  in  the  most 
irregular  manner  throughout  the  mass,  and  showing 
this  composite  irregularity  by  abrupt  variations  of  the 
planes  at  the  surface.  Fig.  265  exhibits  by  its  shaded 
part  the  part*  of  the  plane  —  1  that  appear  over  the 
surface  of  the  plane  li,  owing  to  the  interior  composi- 
tion. This  internal  structure  of  quartz,  found  in  almost 
kll  qnartz  crystals,  even  the  common  kinds,  is  well 
brought  out  by  means  of  polarized  light ;  also,  by 
«tching  with  hydrofluoric  acid,  the  plane  —  1  and  B 
becoming  etched  unequally  on  the  same  amount  of 
exposure  to  the  acid. 

The  twinning-ulane  in,  with  rare  exceptions,  a  pos- 
sible occurring  plane  on  the  given  species,  and  usually  one  of  the  mort 
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fi-equenf.  or  fntidamental  planes.  The  exceptions  occur  only  in  the  tricliiiic 
and  monoclinic  systems,  where  the  twinning  axis  is  sometimes  one  of  tlie 
oblique  crystallographic  axes,  and  then  the  plane  of  twinning  normal  to  it 
is  obviously  not  necessarily  a  crystallographic  plane,  this  is  conspicuous  in 
albite.  In  these  cases  the  composition-face  is  often  of  more  significance 
than  the  twinning-plane,  the  former  being  distinct  and  parallel  to  the 
axis,  in  accordance  with  the  principle  stated  above. 

With  refeienoe  to  the  oomposltlon-face,  the  twinning  may  be  described  as  taking  place  (1) 
by  a  leyolation  on  an  axis  at  zight  angles  to  the  oomposition-f  ace,  (2)  on  an  axis  i>azB]le] 
to  it  and  yeitical,  (8)  1^  an  axis  piuallel  to  it  and  horizontal;  whether  the  reyolation 
takes  place  with  1^  right  or  left  half  of  the  crystal,  the  twin  is  right-  or  left-handed. 

One  further  principle  is  of  theoretical  importance  in  the  mathematical 
explanation  of  tne  forms.  The  twinning  axis  may,  in  many  cases,  be  ex- 
changed for  another  line  at  right  angles  with  it,  a  revolution  about  which 
will  also  satisfy  tlie  conditions  of  producing  the  required  form.  An  exam- 
ple of  this  is  furnished  by  f .  318,  of  oi-thoclase ;  the  composition-face  is 
parallel  to  i-i,  the  axis  of  revolution  also  parallel  to  this  plane,  and  {a)  nor- 
mal to  i4y  which  is  then  consequently  the  twinning-plane,  though  the  axis 
does  not  coincide  with  the  crystallographic  axis,  or  (5)  it  may  (coincide  with 
the  vertical  axis,  and  then  the  twinning-plane  normal  to  it  is  not  a  crys- 
tallographic plane.  In  other  simpler  cases  also,  the  same  principle  holds 
good,  generally  in  consequence  of  the  possible  mutual  interchange  of  the 
planes  of  twinning  and  composition.  In  most  cases  the  true  twinning-plane 
18  evident,  since  it  is  parallel  to  some  plane  on  the  crystal  of  simple  mathe* 
matical  ratio. 

An  interesting  example  of  the  above  principle  is  famished  by  the  species  stanrolite. 
Fig.  807,  p.  98,  shows  a  prismatic  twin  observed  by  the  author  among  crystals  from  Fannin 
Co.,  Ga.     The  measured  angle  for  i-i  A  i-^'  was  TO"-*  80' ;  the  twinning-axis  deduced  from 

this  may  be  the  normal  to  the  plane  ^1,  which  woold  then  be  the  twinning-plane.  Instead 
of  this  axis,  its  complementary  axis  at  right  angles  to  it  may  be  taken,  which  will  eqnaUy 

well  produce  the  observed  form.  Now  in  this  species  it  happens  that  the  planes  t-5  and  i-\ 
(over  f-i)  are  almost  exactly  at  right  angles  (90^  8')  with  each  other,  and  hence,  according  to 
this  latter  supposition,  »>3  beoomes  the  twinning-plane,  and  the  axis  of  revolution  is  normal 

to  it.  Hence,  either  i^  or  i-S  may  be  the  twinning-plane,  either  supposition  agrees  doeely 
with  the  measured  angle,  whidi  could  not  be  obtained  with  great  accuracy.     The  former 

method  of  twinning  (t-^)  conforms  to  the  other  twins  observed  on  the  species,  and  hence  it 
may  be  accepted.  What  is  true  in  this  case,  however,  is  not  always  true,  for  it  wiU  seldom 
happen  that  of  the  two  complementary  axes  each  is  so  nearly  normal  to  a  plane  of  the  crystaL 
In  most  cases  one  of  the  two  axes  conforms  to  the  law  in  being  a  normal  to  a  possible  plane, 
and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  the  true  twinning  axia» 

Contactrtwins  and  Penet^atioiv-twins. — In  contact-twins,  when  normally 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  bj 
the  composition-face ;  this  is  illustrated  by  f.  263,  264.  In  actually  occor- 
ring  crystals  the  two  parts  ai*e  seldom  symmetrical,  as  demanded  by  theory, 
but  one  may  preponderate  to  a  greater  or  less  extent  over  the  other ;  in 
some  cases  only  a  small  portion  of  the  second  individual  in  the  reveraed 
position  may  exist.  Very  great  irregularities  are  observed  in  nature  in  this 
respect  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  ab- 
normal developments  of  one  or  other  oi  the  parts,  and  often  only  an  indi» 
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Flaorite. 


tJDct  line  on  some  of  the  faces  marks  the  diyision  between  the  twc 
individuals. 

Penetrationrtwins  are  those  in  which  two  or  more  complete  crjstala 
interpenetrate,  as  it  were  crossing  throufrh  each  other.  Normally,  the 
crystals  have  a  coramoD  centre,  which  is  the  centre  of  the  axial  eyetem  fo' 
both ;  practically,  however,  as  in  contact-twins,  great  irregularities  occur. 

Examples  of  these  twins  are 

fven  in    the  annexed    fignree,  3M  WT 

266,  of  aiiorlte,  and  f.  267,  of 
hematite.  Other  examples  occur 
in  the  pages  following,  as,  for 
instance,  of  the  species  staiirolito, 
f.  309  to312,  the  crystals  of  which 
soinetimes  occur  in  nature  with 
almost  the  perfect  symmetry  de- 
maDded  by  theory.  It  ia  obvi- 
ous that  tfie  distinction  between 
contact  and  penetration-twins  is 
not  a  very  important  one,  and  the  lino  cannot  always  be  clearly  drawn 
between  tliem. 

Paragenic  and  Metagento  twins. — Tlie  distinction  of  pamgenic  and 
meti^nic  twins  belongs  rather  to  crystallogeny  than  crystallography.  Tet 
the  nirms  are  often  so  obviously  distinct  that  a  brief  notice  of  the  dis- 
tinction is  important. 

In  ordinary  twins,  the  compound  etrnctiire  had  its  beginning  in  a  nncleol 
oomponnd  molecule,  or  was  compound  in  its  very  ongin ;  and  whatever 
inequalities  in  the  result,  these  are  only  irregularities  in  the  development 
from  such  a  nucleus.  But  in  others,  the  crystal  was  at  first  simple ;  and 
afterwards,  through  some  change  in  itsell:  or  in  the  condition  of  the  mate* 
rial  supplied  for  its  increase,  received  new  layers,  or  a  continuation,  in  a 
reversed  position.  This  mode  of  twinning  is  metagenio,  or  a  result  subse- 
quent to  (Jie  origin  of  the  crystal ;  while  the  ordinary 
mode  is  paragenio.  One  form  of  it  is  illusti-ated  in 
f.  268.  The  middle  jportion  had  attained  a  length 
of  half  an  inch  or  more,  and  then  became  genicu- 
lalcd  simultaneously  at  either  extremity.  These 
geniculations  are  often  repeated  in  rntife,  and  the 
ends  of  the  crystal  are  thus  bent  into  one  another,  aud 
occasionally  produce  nearly  regular  prismatic  forms. 

This  metagenic  twinning  is  sometimes  presented 
by  the  successive  layers  ot  deposition  in  a  crystal, 
as  in  some  quartz  crystals,  especially  amethyst,  tho 
iosepanible  layers,  exceedingly  thin,  being  of  oppo- 
site Kinds.  So  calcite  crystals  are  sometimes  made 
up  of  twinned  layers,  which  are  due  to  an  oscillatory 
process  of  twinning  attending  the  progress  of  the 
crystal  In  a  similar  manner,  crystals  of  the  triclinic  feldspars,  albite, 
oICt  are  often  made  up  of  thin  plates  parallel  to  i-l,  by  oscillatory  compo- 
sition, and  the  face  O,  accordingly,  is  finely  striated  parallel  to  the  edge 
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■  Hepeat^  twinning. — In  the  preceding  paragraph  one  case  of  repeated 
twiiiiiiiig  has  been  mentioned,  that  of  the  feldspai-s  ;  it  is  a  case  oH  j>ara/lai 
repetition  or  parallel  grouping  of  the  eiicceBsive  cryatala.  Another  kind  is 
that  which  la  illnstrated  by  f.  295,  297,  311,  where  the  anecesBive))- 
reveraed  individuals  are  not  parallel.  In  this  case  the  axes  may,  however, 
lie  in  a  zone,  as  the  prismatic  twins  of  aragonite,  or  tliey  may  be  inclined 
to  each  other,  aa  in  f.  311, of  ataurotite.  In  all  snch  cases  where  the  repeti* 
tioD  of  the  twinning  tends  to  pi-odnce  circular  forma,  as  f,  281,  of  nitile,  the 
number  of  individuals  is  equal  to  the  number  of  times  the  angle  between 
the  two  axial  systems  ia  contained  in  360°.  For  example,  five-fold  twins 
^cnr  in  the  tetrahedn)na  of  gold  and  sphalerite,  since  5  x  70°  33'  (the  tetra- 
bedral  angle)  =  360°  (approx.^.  A  compound  crystal,  when  there  are  three 
individuals,  is  called  a  Trilltng  (Drilling,  Oerm.),  where  there  are  four 
individuals,  AFourlvng  (Vierling,  Germ.),  etc,     (See  also  on  p.  186.) 

Compound  crystals  in  whicli  twinning  exists  in  accordance  with  two  la^ 
at  once  are  of  rare  (wcurrence ;  an  excellent  example  is  afforded  by  etatiro- 
)it«,.f.  312. '  They  have  also  been  observed  on  albite  (f.  333),  orthoclase, 
chalcocite,  and  in  other  less  distinct  cases. 


Esam-pUa  of  differetU  methods  of  Twinnittg.* 

IsoMGTRio  System, — With  few  exceptions  the  twins  of  this  system  are  ol 
■toe  kind,  the  twinning  axis  an  octahedral  axis,  and  the  twinning  plane 
. oonseqnently  an  octahedral  plane;  in  most  cases  alau  the  latter  coincides 


Qalenite.  Sphalerite.  Oalenite. 

Tith  the  composition-face.  Fig.  263  shows  this  kind  as  applied  to  tlia 
simple  octahedron,  it  ia  especially  common  with  the  spiiiel  group  of  min- 
erals ;  similarly,  f.  269,  a  more  complex  form,  and  also,  f.  270,  a  dodeca- 
hedron twinned  ;  all  these  are  contact  twins.  Fig.  271  is  a  penetration 
twin  following  the  same  law ;  the  twinning  being  repeated,  and  the  fonn 
Battened  parallel  to  an  octahedral  face.    Fig.  266,  p.  91,  shows  a  twin  oi 

*  A  eomplete  eanmMatlon  of  the  different  methods  of  tirinnlng  obBerred  nnder  the  dlllu- 
«iit  BTBtenu.  with  detailed  deacripUoaB  and  man;  figures,  wlU  be  found  in  To).  II.  of  Bow 
Sodebeok'a  UirataUognqihr  (Angewuidte  KiTvtsUognphle,  384  pp.,  Brt,  Berlin,  1876X 
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fiaorite,  two  interpenetrating  cubes;  f.  273  exhibits  a  dodccahedral  twin 
of  sodalite  ocenrrmg  in  nature  of  almost  ideal  Bymmetry,  and  f.  273  is  a 
tetnliedral  twin  of  the  epecies  tetrahedrite  ;  the  aajne  law  is  true  for  all. 


Fies.  274,  275,  278,  are  twins  whose  axes  are  parallel;  these  forms  are 
possible  only  with  hemihedral  urystala.  The  twinning  axis  is  here  a  dode- 
oahedral  axis  and  the  twinning  plane  a  dodecahedral  plane.    The  same 


FTrite. 


KftKiiDtite. 


method  of  composition  is  often  seen  in  dendritic  crj-atallizations  of  native 
gold  and  copper,  in  whieh  the  angle  of  divergence  of  the  branches  is  60° 
and  120°,  the  interfacial  angles  of  a  dodecahedran.  The  brownish-black 
mineral  in  the  mica  from  Pennsbnry,  Pa.,  is  magnetite  in  this  form  (f .  277), 
as  first  observed  by  G.  J.  Brush. 

Tktragonal  Stbtem. — The  most  common  method  is  that  where  the  twin- 
nlng-plane  is  parallel  to  X-i.  It  is  especially  characteristic  of  rutile  and 
ca&siterite.  Tnis  is  illustrated  in  f.  264  and  similarly  in  f.  278.  Fig.  268 
shows  a  similar  twin  of  rutile,  and  in  f.  281  to  283  the  twinning  accxirding 
to  this  law  is  repeated.  In  f,  381  the  vertical  axes  of  the  successive  six 
individaals  lie  in  a  plane,  and  an  enclosed  circle  is  the  resnlt ;  in  £.  282  the 
BOOceesiTe  vertical  axes  form  a  zig-zag  line ;  there  are  here  four  individual, 
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add  four  moro  behind,  the  last  (VIU)  uniting  with  the  first  (I),  uni  lot  it 
be  developed  verticallj,  and  the  complex  form  produced  results  iu  the 
Bcalenohcdron  twin  of  f.  28'3.    In  chalcopyrite,  the  octahedi'on  1,  which  ii 


very  near  a  regular  octahedron  in  angle,  may  be  the  twiuning-plane,  and 
forms  are  thua  produced  very  similar  to  f,  263.  With  hemibedral  forma 
twinning  may  take  place  as  shown  in  f.  280,  where  the  axie  of  rovolutioa 


is  8  diagonal  axis,  and  the  planeof  twinning  the  prism  /     It  is  not  alwavB 
'    "    ■    "  '  "ng  angle,  but  is  sometimes  only  &hown  by  tae 


indicated   by  a  re-entering  i 

oblidue  Etriations  in  two  directions  meeting  ii 


the  line  of  contact. 


Another  mode  of  twinning  is  that  ocomTing  in  leucite,  observed  by  vom 
Bath,  who  showed  the  species  to  be  tetragonal.  The  twinrdng-plaue  is  here 
8-i    (Jalirb.  Miu.,  1873, 118.) 


TWra   OBYBTAIB.  9ft 

IlKEAQONAL  Ststbu. — lo  the  holohedral  division  of  duB  Bjetem  twins  are 
mre.  An  example  is  furnished  by  pyrrhotite,  f.  284,  Trhore  the  twinning- 
plane  is  the  pyr&mid  1,  the  vertical  axes  of  toe  individual  cryBtala  being 
nearly  at  right  angles  to  each  other  (£?  A  1  =  135°  Sy  Another  example 
IB  tridymit©  *  (see  p.  288),  where  the  twinning-plane  is  either  the  pyramid 

I  Off 


In  the  speciee  of  the  rhombohedral  division  twins  are  numerous ;  the 
ordinary  metliods  are  the  following ;  the  twinning-plane  the  rhombohe- 
dron  H,  f .  285  ;  the  rhoinbohedron  -  2Ii,  f.  288 ;  the  rhorabohedrou  —iH, 
i  286.  The  last  mentioned  method  is  common  in  masses  of  calcite,  where  l)y 
its  frequent  repetition  it  gives  rise  to  thin  lamella;  these  are  observed 
often  in  crystalline  limestones.    (See  p.  173.) 


CBldte.  (kidta.  FTiugTTtte. 

The  twinning-plane  may  also  be  the  basal  plane,  the  axis  of  revolntion 
consequently  uie  vertical  axis.  This  is  lUnatrated  in  f.  287,  a  complex 
penetration  twin  of  chabazite,  also  f.  267  (hematite),  and  in  f.  289,  290. 
It  is  also  common  with  quartz,  the  two  crystals  sometimes  distinct,  and 
joined  by  a  prismatic  plane,  sometimes  interpenetrating  each  other  very 
iiregnlarly,  as  shown  iu  f.  235. 


I.  Tom  B«th,  Pogg.  Ann., 
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Obthobhombic  System. — ^Tn  the  orthorhombic  system  twins  are  exceed 
ingly  common,  and  the  variety  of  methods  is  very  great.  These  may,  how 
ever,  be  brought  into  two  groups,  according  as  the  twinniug-plane  is  (1)  a 
prismatic  plane,  vertical  or  horizontal,  or  (2)  an  octahedral  plane.  The 
twinning  is  very  often  repeated,  and  always  in  accordance  with  the  law 
already  stated,  tnat  the  number  of  individuals  is  determined  by  the  number 
of  times  that  the  angle  of  the  two  axial  systems  is  contained  in  360^ 

{a)  Twinning  parallel  to  a  prism  whose  angle  is  approximately  120®. 

1.  Prism  vertioaZ. — The  principal  examples  are  aragonite,  /  A  /  =  116^ 
10';  cerussite,  /  A  /  =  117"  13';  witherite,  IaI  =  118°  30';  bromlite, 
/  A  /  =  118°  50' ;  chalcocite,  /  A  /  =  119°  35' ;  stephanite,  /  A  7  =  115° 
39';  dyscrasite,  /A/=  119°  59'.  Figs.  291,  292,  represent  twins  of  ara- 
gonite in  accordance  with  this  la\^'.  Figs.  293,  294,  show  cross-sections  of 
the  two  prisms  of  the  preceding  figures,  in  the  latter  tlie  form  is  hexagonal, 
though  not  regularly  so.    Fig.  295  is  a  cruciform  twin  of  the  same  species. 
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Angonite. 


Aragonite. 


Aragoxiite. 


2.  Prism  Jioriaontal  \  that  is,  a  macrodome. — Examples:  arsenopyrite, 

14  A  1-i  =  120°  46' ;  leadhilUte,  l4  A  14  =  119°  20' ; 
humite,  tjpe  I. 

3.  Prxsm,  horizontal ;  that  is,  a  brachydome. — 
Examples :  manganite,  l-«  A  14  =  122°  50'^(f.  296); 
chiysoberyl,  34  A  34  (f.  300)  =120°  13' ;  oolumbite, 
24  A  24  =  117°  20'. 

In  all  these  cases  there  is  a  strong  tendency  toward 
repetition  of  the  twinning,  by  wliich  forms  often  stel- 
late, sometimes  apparently  hexagonal,  result.  These 
forms  are  illustrated  in  the  following  figures  :  f.  297 
is  of  witherite ;  f .  298  a  crystal  of  leadhillite,  in  its 
twinned  form  of  very  rhombohedral  aspect.  Figs. 
299  and  300  are  both  chrysoberyl,  where  3-4  is  me 
twinning-plane ;  six-rayed  twins  are  very  common  in 
this  species. 

llie  genesis  of  these  forms  is  further  illustrated  by  the  following  crosft- 


lianganite. 
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sectioDB.    Fie.  301  Bhows  a  oroes-section  of  a  cerossite  twin,  and  f.  80'J  tne 
nt  the  cryetafof  leadhillite' %iired  above  (f.  298). 


Chrywotifsijl. 


OhryBobe^i. 


In  f.  303,  three  rhombic  prieme,  /,  of  aragonite,  are  combined  about  their 
acute  ansles,  the  dotted  lines  showiii?  the  otitlincs  of  the  prisms,  and  the 
croes  lining  the  direction  of  the  brachydiaffonal :  and  in  t.  304,  fonr  are 
limilarly  anited.     In  f .  305,  three  similar  prisma,  /,  are  combined  about  the 


obtttse  angle.  Thit  twin  combination  ma^  talce  the  form  of  a  hexagonal 
priBtn,  with  or  without  re-entering  angles  ;  of  a  three-rayed  twin,  like  f. 
301,  and  if  a  penetration-twin,  of  a  compoeite  prism,  like  f.  SOS  (the  num- 
bering of  the  parte  showing  the  relation),  or  a  aix-rayed  twin.  In  all  these 
cases  the  stellate  form  depends  on  the  extension  of  the  individuals  bejond 
the  normal  limits. 

(A)  Prismatic  angle  approximately  that  of  the  regular  octahedron,  109' 
38 .     An  example  is  furnished  by  the  species  staurolite  (f.  307),  where  th 
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twinnlng-plsne  ia  i^  snd  the  corresponding  priBmatic  angle  is  109°  1^ 

^ver  t-f,  or  70°  46'  over  t-i). 
Another  example  is  fnmisheo 
by  marcasite,  whoee  priematio 
angle  is  106°  5',  The  twins 
are  genersUy  compoand,  tbo 
repetition  with  tlie  twinning- 
plane  sometimea  parallel, 
sometimes  oblique,  see  p.  247 
In  f.  308  tlie  compoui'^  rryn- 
tal  consists  of  five  indiviOnals, 
^ .^„,,^,^  since  five  times  73°  55'  is  ap- 
proximately equal  to  360°. 
((?)  Prismatic  angle  approximately  90",  Examplea  are  furnished  by 
bonrnonite,  /  A  J=  91°^  12',  see  p.  254,  and  staurolite.  In  the  latter  case 
the  twinning-plane  is  a  brachydome,  ^i,  and  the  angle  is  91°  18' ;  the  form 
is  shown  in  f.  309,  it  being  that  of  a  nearly  rectangnlar  cross.  See  also 
phillipsite,  p.  345. 

2.  The  twinning-plane  may  be  also  an  octahedral  plane.  An  excellent 
-example  is  furnished  by  staurolite,  where  the  twinning-plane  is  }-}  (f.  310). 
The  crystals  cross  at  angles  of  nearly  120°  and  60°,  hence  the  form  in  f. 
311,  consisting  of  three  individuals  (trilling)  forming  a  six-rayed  star.  In 
'f.  312  both  this  method  of  twinning  and  mat  mentioned  above  are  com- 


bined. There  are  thns  for  the  species  staurolite  three  methods  of  twin- 
ning, parallel  to  i-|,  to  f-i,  and  to  j-|. '  If  tlie  occnrring  prism  is  made  i-|, 
then  tlie  three  twinning-planea  become  /,  1-t,  1,  or  fundamental  planes,  ai 
is  usually  true. 

MoNocurfio  BT8TEM. — The  following  examples  comprise  the  more  com- 
monlj  occurring  methods  of  twinning  in  this  syetenn. 

(a)  Tlie  twinning-plane  is  the  orthopinacoid  (t-»).  This  is  tme  in  the 
case  of  the  common  twins  of  orthoclaso  (f.  3iy),  called  the  Carlsbad  twirv. 
The  axis  of  revolution  ia  normal  to  i-t  (see  also  p.  90),  while  the  two 
crystals  are  united  by  the  clinopinacoid,  which  is  consequently  the  conipo- 
sitiuii-face.  These  twins  may  be  either  right-  or  left-oanded  (f.  318  or 
f.  319),  aoeording  as  the  right  or  left  half  of  the  simple  form  (f.  817)  hu 
been  j-evolved. 
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Vig.  313,  of  pyroxene,  ia  another  familiar  example ;  ao  also  f.  314,  of  whioli 
f.  316  is  tho  Bimple  form.  Fig.  320  is  a  twia  or  scoleoite,  where  the  twin 
>tra(^ure  in  ahown  by  the  striatiouB  od  the  clinopinacoid. 


^toxquo. 


Ampbibole. 


OrthooUaa. 
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A  form  of  penetration-twin,  with  it  the  twinning-plano,  ia  shown  i 
{.  321  (from  von  Lang).     The  mode  of  combi- 
nation and  cross-penetration  of  the  two  crystals  S91 
1,  2,  ie  illustrated  in  f.  322 ;  it  is  a  medial  aection 
<)f  f.  321  from  front  to  back. 

(b)  The  twinning-plane  may  also  be  the 
basal  plane.  This  is  common  with  ortboclase 
ff.  324);  also  with  gypeum  (f.  323).  It  has 
nlso  been  observed  by  the  anthor  in  chondro- 
dite,  type  11  and  III,  from  Brewster,  N.  T.,  see 
p.  305. 

(c)  Figs.  325,  320,  327  show  another  method 
of  twinning  of  orthoclase  parallel  to  the  clliio- 
domo,  2-i.  These  twins  are  pecnliar  in  that  Mabwhite. 
tlioy  form  nearly  rectangular  prisms,  since 
(^  A  2-i  =  135°  3J .  They  aro  common  among  the  ortboclase  crystals  from 
Uaveno,  and  hence  are  called  Baoeno  twins.  This  metliod  of  twinning  is 
also  common  with  the  amazon-stone  of  Pike's  Peak. 

The  anion  of  fonr  crystals  of  this  kind  produces  the  form  represented  in 
f.  325 ;  and  the  same,  by  penetration,  develops  tlie  penetration -twin  of 
f.  327  (from  v.  Bath),  wliich  apparently  consists  of  fonr  pairs  of  twins,  but 
may  be  rwarded  as  made  by  toe  cross-penetration  of  the  crj-stals  of  two 
pairs,  or  of  the  four  of  f,  325. 

Forms  like  f.  325  may  have  one  of  the  foiy  parts  andeveloped  and  so 
consist  of  three  united  crystals,  and  also  the  other  parts,  as  in  such  com 
ponnd  twins  generally,  may  be  very  unequal. 

Twins  corresponding  to  those  of  the  orttiorhombic  system,  where  tho 
twinning-plane  is  a  prism  whose  angle  is  nearly  120°,  have  been  observed 
by  vom  Kath  in  hnmite,  types  II  and  III. 

TsicrjNio  SYSTEM.— In  the  twins  of  the  triolinic  system,  the  three  azo< 
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may  l>e  axes  of  Fevolution,  in  which  case  the  twiiining-planes  are  not  occnr 
ring  crystal lographio  planes  j  or,  tho  pinacoid  planes  mar  be  the  plaDeo  oi 
twinning  and  the  normals  to  them  the  axes  of  revolution.  Some  of  the 
caees  ai-e  illustrated  in  the  following  figures  of  sibite.  In  f.  S29  the 
brachj  pinacoid  (t-{)  is  the  twinning-piane ;  f .  328  is  the  same,  bnt  it  is  a 
penetration-twin  j  this  is  the  most  common  method  of  twinning  with  thii 
apeciea. 


(^pnnn.  Oitiiaalue.  Orthodue, 


In  f.  832  the  vortical  axis  is  the  twinning-axis.  Fig.  333  (from  G.  Bose) 
!■  a  donblo  twin,  the  two  halves  of  which  are  like  f.  328,  bat  the;  are 
twinned  together  like  f.  332.     It  happens  in  albite  that  the  plane  anglee 


on  vl,  made  by  the  edges  Ja  O  and  /a  1  differ  bat  37'  (the  former  belns 
116''  26%  Ibe  latter  115°  55'),  and  hence  it  is  that  in  the  twin  O  and  1  &0 
nearly  into  one  plane. 
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Oomposition  parallel  to  O^  where  the  revolntion  is  on  a  horizontal  axii> 
normal  to  the  8hoi*ter  diagonal  of  O^  is  ex- 
emplified in  f.  334  (from  G.  Bose).  Both 
right-  and  left -handed  twins  of  this  kind 
occnr;  also  double  twins  in  which  this 
method  is  comoined  with  twinning  (like 
that  in  f .  329,  330),  parallel  to  i-i. 

A  thorough  discussion  of  the  method  of 
twinning  in  the  triclinic  system  has  been 
given  by  Schraof  in  his  monograph  of  the 
species  brochantite  (Ber.  Ak.,  wien,  Ixvii.,  276, 1873). 


An>ite. 


Bbgulab  GsouFiNo  OF  Cbystals. 

Connected  with  the  subject  of  twin  crystals  is  that  of  the  parallel  posi- 
tion  of  associated  crystals  of  the  same  species,  or  of  different  species. 
Crystals  of  the  same  species  occurring  together  are  very  commonly 
in  parallel  position.  In  this  way  large  crystals  are  sometimes  built  up  of 
Bmaller  individuals  grouped  together  with  corresponding  planes  parallel. 
This  parallel  grouping  is  often  seen  in  crystals  as  they  He  on  the  support- 
ing rock.  On  glancing  the  eye  over  a  surface  covered  with  crystals,  a 
reflection  from  one  face  will  often  be  accompanied  with  reflections  from  the 
corresponding  face  in  each  of  the  other  crystals,  showing  that  the  crystals 
are  throughout  similar  in  their  positions. 

Crystals  of  different  species  often  show  the  same  tendency  to  parallelism 
:n  mutual  position.  This  is  true  most  fi'equently  of  species  which,  from 
similarity  of  form  and  composition,  are  said  to  be  isomorphous  (see  p.  199). 
Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  sometimes  an 
example  of  this ;  crystals  of  hornblende  and  pyroxene,  and  of  various  kinds 
of  mica  are  also  at  times  observed  associated  in  parallel  position. 

The  same  relation  of  ix>sition  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes 
of  the  latter.     Breithaupt  has  figured  crystals  of  calcite,  whose  rhombo- 
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hedral  faces  (—  \R)  had  a  series  of  quartz  crystals  upon  them,  all  in 
parallel  position  (f .  335) ;  and  Frenzel  and  vom  Rath  have  described  the 
Barne  association  where  three  such  quartz  crystals,  one  on  each  rhombo- 
liodral  face,  entirely  enveloped  the  calcite,  and  uniting  with  re-enterinji; 
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uitfles  formed  paeiido-twinB  (rather  trillings)  of  quartz  aftei  caloita.  The 
aamor  has  described  a  similar  occurrence  from  "  Specimeu  MouDtaia,"  io 
the  Yellowstone  Park;  the  form  is  shown  in  f.  S36.  (Am.  J.  Sci,  lU^ 
xii.,  18T6.) 

'  IRREGlTIiARinES  OF  CRYBTALS. 

The  laws  of  crystallization,  when  nnmodiSed  by  extrinsic  cansee,  should 
produce  forms  of  exact  symmetry;  the  angles  being  not  only  eqaal,  but 
also  the  homologous  fauee  of  crystals  and  the  ditnensions  in  the  directions 
of  like  axes.  This  symmetry  ie,  however,  so  uncommon,  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  Crystals  are  very 
generally  distorted,  and  often  the  fundamental  forms  are  so  completely  dis- 
guised, that  an  intimate  familiarity  with  the  possible  irrf^nlanties  u  re- 
quired in  order  to  unravel  their  complexities.  Even  the  angles  may 
occasionally  vary  rather  widely. 

The  irregnlarities  of  crystals  may  be  treated  of  nnder  several  heads:  1, 
ImperfecHom  of  surface;  2,  Variations  of  form,  and  dimensions;  8, 
Vaa-iatione  of  angles  ;  i,  iTiternal  iinperfeciums  arid  impurities. 

I.  Imperfections  in  the  Subfaces  of  Cbtbtalb. 

1.  Striations  or  angular  elevations  arising  from  osoiUatory  ooTJibina- 
tions. — The  parallel  lines  or  furrows  on  the  surfaces  of  crystals  are  called 
siria,  and  such  sui-faecs  are  said  to  be  eiriateii. 

Each  little  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correspond  in  position  to  differ- 
ent planes  of  the  crystal,  and  we  may  suppose  these  ridges  to  have  been 
formed  by  a  continued  oscillation  in  the  operation  of  the  causes  that  givo 
rise,  wlien  acting  uninterruptedly,  to  enlarged  planes.  By  this  means,  the 
surfaces  of  a  crystal  are  marked  in  parallel  lines,  with  a  succession  of  nar- 
row planes  meeting  at  an  angle  and  constiCutintr  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  forma- 
337  tion  of  a  surface  has  been  termed  oscillatory  com- 

bination. The  horizontal  striss  on  prismatic  crystals 
of  quartz  are  examples  of  this  combination,  ir 
which  the  oecillation  has  taken  place  between  the 

Erismatic  and  pyramidal  planes.  As  the  crystals 
ingthened,  tliere  was  apparently  a  continual  effort 
to  assume  the  terminal  pyramidal  planes,  which  cffoi't 
was  interruptedly  overcome  by  a  strong  tendency  to 
an  inci-ease  in  the  length  or  the  prism.  Tn  tliie 
manner,  crystals  of  quartz  are  often  tapered  to  a 
point,  without  the  usual  pyi-amidal  terminations. 
Magnetlto.  Other  examples  are  the  striation  on  the  cubic  faces 

of  pyrite  parallel  with  the  intersections  of  the  cube 
with  the  planes  of  the  pyritohedron;  also  the  striations  on  magnetite 
(f.  337)  due  to  the  oscillation  between  the  octahedron  and  dodecal  odroo. 
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PrismBof  toarmaliiie  arevery  commonly  bounded  vertically  "by  three  conveJl 
BorfaccB,  owing  to  an  oscillatory  combination  of  the  planes  /and  i-2. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  lesi 
distinct,  due  sometimes  also  to  oscillatory  combination.  Octahedrons  of 
fluorite  are  common  which  have  for  each  face  a  surface  of  minute  cubes, 
proceeding  from  an  oscillation  between  the  cube  and  octahedi'on.  This  ia 
a  common  cause  of  drusy  surfaces  with  the  crystals  of  many  minerals. 

2.  Striationafrom  OHoiUatory  composition. — ^The  striations  of  the  plane 
O  of  albite  and  other  triclinic  feldspars,  and  of  the  rhombohedral  surfaces 
some  calcite,  have  been  attributed,  on  p.  91,  to  oscillatory  twinning. 

8.  Markings  from  erosion  and  other  causes. — It  is  not  uncommon  that 
the  faces  of  crystals  are  uneven,  or  have  the  crj^talline  structui'e  developed 
as  a  consequence  of  etching  by  some  chemical  agent.  Cubes  of  galeuite 
are  often  thus  uneven,  and  crystals  of  lead  sulphate  or  lead  carbonate  are 
Bomeiimes  present  as  evidence  with  regard  to  the  cause.  Crystals  of  uumor- 
ons  other  species,  even  of  corundum,  spinel,  quartz,  etc.,  sometimes  show  the 
fiame  result  of  partial  change  over  the  surface— often  the  incipient  stage  in 
a  process  tending  to  a  iinai  removal  of  the  whole  crystal.  Interesting  in- 
vestigations have  been  made  by  various  authors  on  the  action  of  solvents  on 
different  minerals,  the  actual  structure  of  the  crystals  being  developed  in 
this  ?ray.     These  are  referred  to  again  in  another  place  (p.  122). 

Tlie  markino;s  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  etchings,  as  well  as  the  minute  angular 
elevations  upon  the  planes,  are  a  part  of  the  original  molecular  growth  of 
tlio  crystal,  and  often  serve  to  show  the  successive  stages  in  its  history. 
They  are  the  imperfections  arising  fi'om  an  interrupted  or  disturbed  de- 
velopment of  the  form,  the  perfectly  smooth  and  even  crystalline  faces 
bein^  the  result  of  completed  action  free  from  disturbing  catises.  Ex- 
amples of  the  marking  referred  to  occur  on  the  crystals  of  most  minerals, 
and  conspicuously  so  on  the  pyramidal  planes  of  quartz. 

The  development  of  this  subject  belongs  rather  to  crystaUogeny  ;  refer- 
ence may,  however,  be  made  here  to  the  memoii*s  of  Scharff,  bearing  on 
this  subject,  especially  one  entitled  "  Ueber  den  Quarz,  II.,  die  Ueber- 
gangsflachen,"  Frankfort,  1874;  also  to  the  Crystallography  of  Sadebeck 
(for  title  Roe  Introduction). 

It  follows  from  the  symmetry  of  crystallization  that  like  planes  should 
lie  physically  alike,  that  is  in  regard  to  their  surface  character;  it  thus 
often  happens  that  on  all  the  crystals  of  a  species  from  a  given  locality,  or 
perhaps  from  all  localities,  the  same  planes  are  etched  or  roughened  alike, 
i'or  example,  on  crystals  of  datolite  from  Bergen  Hill,  the  plane  —  2-i 
18  almost  uniformly  destitute  of  lustre ;  there  is  much  uniformity  on  the 
crystals  of  quartz  in  this  respect. 

4.  Curved  surfaces  may  result  from  {a)  oscillatory  combination  ;  or  (A) 
some  independent  molecular  condition  producing  curvatures  in  the  laminss 
of  the  crvstal ;  or  ((?)  from  a  mechanical  cause. 

Curved  surfaces  of  the  first  kind  have  been  already  mentioned,  p.  102. 
A  singular  curvature  of  this  nature  is  seen  in  f .  339,  of  calcite  ;  and  another 
in  the  same  mineral  in  the  lower  part  of  f .  338,  in  which  traces  of  a  scaleno- 
hedral  form  are  apparent  which  was  in  oscillatory  combination  with  tlus 
prismatic  form. 
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OarvatTires  of  the  second  kind  sometimeB  have  oil  the  faujs  <K)nvez.  This 
is  the  case  in  crystals  of  diamond  (f.  310),  some  of  which  ta-e  Almost 
spheres.  Tlie  mode  of  curvature,  in  which  all  the  faces  are  oqnally  con- 
vex, le  1^8  common  than  that  in  which  a  convex  surface  is  opposite  and 
parallel  to  a  corresponding  concave  surface,  fthombohcdrous  of  siderite 
(see  p.  403)  are  iiBiially  thus  carved.  The  feathery  curves  of  frost  on  win- 
dows and  the  flagging  stones  of  pavements  in  winter  are  other  examples  of 
curves  of  the  second  kind.  The  alabaster  rosettes  from  the  Mammoth 
Cavf,  Ky.,  are  similar. 


A  third  kind  of  corvatore  is  of  mechcmiodl  origin.     In  many  species 
crystals  appear  as  if  they  had  been  broken 
**'  transversely  into  many  pieces,  a  slight  dis- 

placement of  which  has  given  a  curved  form 
to  the  pnsm.  This  is  common  in  tourmaline 
and  beryl.  The  beryls  of  Monroe,  Oonn., 
often  present  these  mternipted  curvatures, 
as  represented  in  f.  311. 
Berji,  Monroe,  Conn.  CrystaU  Hot  unfrequently  occur   with  a 

deep  pyi-amidal  depression  occupying  the 
place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphar. 
This  is  due  in  part  to  their  rapid  growth. 


i  XL  Yabutions  m  the  Forhb  Aim  Ddcsnbiokb  of  Cbtstals. 

The  simplest  modification  of  form  in  crystals  consists  in  a  simple  varia- 
tion in  length  or  breadth,  without  a  disparity  in  similar  secondary  planes 
The  distortion,  however,  extends  very  generally  to  the  secondary  planes, 
especially  when  the  elongation  of  a  crystal  takes  place  in  the  direction  of  a 
diagonal,  instead  of  the  crystallographic  axes.  In  many  instances,  one  op 
more  planes  are  obliterated  by  the  enlargement  of  others,  proving  a  sc-nrco 
of  much  perplexity  to  '■he  atndent.  The  interfacial  angles  remain  constant, 
nnaffectea  by  these  variations  in  form.  These  changes  in  form  often  give 
rise  to  what  is  called  by  Sadcbeck  psevdo-nymmetry  ;  the  distorted  fcrma 
of  one  system  appearing  similar  to  the  normal  forms  of  another.  (Compare 
tlie  descnptions  of  the  following  figure*.)  As  most  of  the  difficulties  iatha 
"  See  D,  168  for  another  tue  of  this  word. 
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Btndj  of  oryBtals  arises  from  these  distortions,  this  subject  is  one  oi  great 
importance 

r  igs.  342  to  353  represent  examples  from  the  isometric  system. 

A.  cube  lengthened  or  shortened  along  one  axis  becomes  a  right  square 

Erism,  and  if  varied  in  the  direction  of  two  axes  is  changed  to  a  rectan^u- 
\T  prism.  Cubes  of  pyrite,  galenite,  fluorite,  etc,  are  generally  thus  ms* 
torted.  it  is  very  unusual  to  hnd  a  cubic  crystal  that  is  a  true  symmetrical 
cube.  In  some  species  the  cube  or  octahedron  (or  other  isometric  form)  ie 
lengthened  into  a  capillary  crjstal  or  needle,  as  happens  in  cuprite  and 
pyrite. 

An  octahedron  ^^^^71^  parallel  to  a  face,  or  in  the  direction  of  a  trigonal 
interaxis,  is  reduced  to  a  tabular  crystal  (f.  342).  If  lengthened  in  the 
Bame  direction,  it  takes  the  form  in  f .  343  ;  or  if  still  farther  lengthened 
to  the  obliteration  of  A^,  it  becomes  an  acute  rhombohedron  (same  figure). 
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When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two 
opposite  edffes,  or  that  of  a  rhombic  interaxis,  it  has  the  geneml  form  of 
a  rectangular  octahedron ;  and  still  farther  extended,  as  in  f .  344,  it  is 
changed  to  a  rhombic  prism  with  dihedral  summits  (spinel,  fluorite,  magne- 
tite).   The  figure  represents  this  prism  lying  on  its  acute  edge. 

The  dodecahedron  lengtliened  in  the  du*ection  of  a  diagonal  between  the 
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obtuse  solid  angles,  that  is,  that  of  a  trigonal  interaxis,  becomes  a  six- 
sided  prism  with  three-aided  summits,  as  in  f.  345  ;  and  shortened  in  the 
same  direction  is  a  ah/ort  prism  of  the  same  kind  (f .  346).  Both  resemble 
rhombohedral  forms  and  arc  common  in  garnet  and  zinc  blende.  When 
lengthened  in  the  direction  of  one  of  the  cubic  axes,  it  becomes  a  square 
prism  with  pyramidal  summits  (f.  347),  and  shortened  along  the  same  axis 
it  19  reducea  to  a  square  octahedron,  with  truncated  basal  angles  (f.  348). 
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The  trapezohedroii  is  still  more  disguised  by  its  distortions;  When  elon* 
gated  in  the  line  of  a  trigoual  interaxis,  it  assumes  the  form  in  f.  849  ;  and 
still  farther  lengthened,  to  the  obliteration  of  some  of  the  planes,  becomes 
a  scalene  dodecahedron  (f.  860).  This  has  been  observed  in  fluor  spar. 
Only  twelve  planes  are  here  present  out  of  the  twenty-four.  Threads  of 
native  gold  from  Oregon,  are  strings  of  crystals  presenting  the  form  of  a 
very  acute  rhombohedron,  with  the  other  planes  of  the  trisoctahedron  3-3 
(the  pyramidal  and  terminal  obtuse  rhombobedral)  quite  small  at  the  ex- 
tremities,— See  Am,  J,  ScLy  vol.  xxxii.,  p.  133,  1886. 

If  the  elongation  of  the  trapezohedron  takes  place  along  a  cubic  axis,  it 
becomes  a  double  eight-sided  pj^ramid  with  four-sided  summits  (f.  851) ;  or 
if  these  summit  planes  are  obliterated  by  a  farther  extension,  it  becomes  a 
complete  eight-sided  double  pyramid  (f .  352). 
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A  scaleno-dodecahedron  of  calcite  is  shown  distorted  in  f.  353,  which  ap- 
TCars,  however,  to  be  an  eight-sided  prism,  bounded  laterally  by  the  planes 
S,  1 , 1»,  and  R^  and  their  opposites,  and  terminated  by  the  remaining  planes. 
The  following  figures  of  quartz  (f.  354,  355)  represent  distorted  forms  of 
this  mineral,  in  which  some  of  the  pyramidal  faces  by  enlargement  dis- 
place the  prismatic  faces,  and  nearly  obliterate  some  of  the  other  pyramidal 
faces :  see  also  f .  336. 


858 


864 


855 


Oaldte. 


QnartaL 


Qnarti 


Pig.  356  is  a  distorted  crystal  of  apatite  ;  the  same  is  shown  in  f.  857 
mth  the  normal  symmetry.  The  planes  between  O  and  the  right  1  ar« 
enlarged,  while  the  corresponding  planes  below  are  in  oart  obliterated 
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By  observiDg  that  similar  planes  are  lettered  alike,  the  correspoudence  cf 
the  two  figures  will  be  understood. 

Ill  deciphering  the  distorted  crystalline  forms  it  must  be  remembered 
that  while  the  appearance  of  the  crystals  may  be  entirely  altered,  the  angles 
remain  the  same ;  moreover,  like  planes  are  physically  alike,  that  is,  auke 
in  degree  of  lustre,  in  striations,  and  so  on. 
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In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irregularities  are  due  to  the  fact  that,  in  almost  all  cases,  crystals  in 
nature  are  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in 
consequence  of  this  are  only  partially  developed.  Thus  quartz  crystals  are 
generally  attached  by  an  extremity  of  the  prism,  and  hence  have  only  one 
set  of  pyramidal  planes ;  perfectly  formed  crystals,  as  those  from  Herkimer 
Co.,  ]N.  Y.,  havmg  the  double  pyramid  complete,  are  rare.  The  same 
statement  may  be  made  for  nearly  ail  species. 


nL  Yabiationb  IV  THS  Angles  of  Gbtstalb. 


The  greater  part  of  the  distortions  described  occasion  no  change  in  the 
iTiterfacial  angles  of  crystals.  But  those  imperfections  that  produce  con- 
vox,  curved,  or  striated  faces,  necessarily  cause  such  variations.  Further- 
more, circumstances  of  heat  or  pressure  under  which  the  crystals  were 
formed  may  sometimes  cause  not  only  distortion  in  form,  but  also  some 
variation  in  angle.  The  presence  of  impurities  at  the  time  of  crystallization 
may  also  have  a  like  effect 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  chan^  which  may  take  place  during  the  more 
or  less  complete  metamorphism  oi  the  enclosing  i*ock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
p.  113)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  psendomorplis  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregularitiei 
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arising  from  imperfections  in  the  process  of  crystallization,  or  from 
changes  produced  subsequently,  variations  in  the  angles  are  rare,  and  the 
constancy  of  angle  alluded  to  on  p.  87  is  the  universaflaw.* 

In  cases  where  a  greater  or  less  variation  in  angle  has  been  observed  in 
the  crystals  of  the  same  species  from  different  localities,  the  cause  for  this 
can  usually  be  found  in  a  difference  of  chemical  composition.  In  the  case 
of  isomoiphous  compounds  it  is  well  known  that  an  exchange  of  correspond- 
ing chemically  equivalent  ^elements  may  take  place  without  a  change  of 
form,  though  usually  accompanied  with  a  sll^t  variation  in  the  fmida- 
mental  angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  upon  p.  168. 


rV.   InTEBNAL  ImFBBFEOTIONS  and  iMPUBmSB. 


The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystalli 
tion,  or  by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization.  These  impurities  may  be  simply  coloring  ingredients,  or  they 
may  be  inclosed  particles,  fluid  or  solid,  visible  to  the  eye  or  under  the 
microscope.  The  coloring  ingredients  may  vary  in  the  courae  of  formation 
of  the  crystals,  and  thus  Tayere  of  different  colors  result ;  the  tourmaline 
crystals  of  Chesterfield,  Mass.,  have  a  i^ed  centre  and  blue  exterior ;  others 
from  Elba  are  sometimes  light-green  below  and  black  at  the  extremity ; 
many  other  examples  might  be  given. 

The  subject  of  the  fluid  and  solid  inclosures  in  crystals  is  one  to  which 
much  attention  has  been  directed  of  late  years.  Attention  was  early  called 
to  its  importance  by  Brewster,  who  described  the  presence  of  fluids  in 
quartz,  topaz,  beryl,  chrysolite,  and  other  minemls.  Iii  later  yeare  the  mat- 
ter has  been  more  thoroughly  studied  by  Sorby,  Zirkel,  Vogelsang,  Fischer, 
Bosenbusch,  and  many  oftiers.     (See  Literature,  p.  111.) 

Many  crystals  contain  empty  cavities ;  in  others  the  cavities  are  filled 
sometimes  with  water,  or  with  the  salt  solution  in  which  the  crystal  was 
formed,  and  not  infrequently,  especially  in  the  case  of  quartz,  with  liquid 
carbonic  acid,  as  first  proved  by  Vogelsang,  and  recently  followed  out  by 
Hartley.  These  liquid  inclosures  are  marked  as  such,  in  many  cases,  by 
the  presence  in  the  cavity  of  a  movable  bubble. 

The  solid  inclosures  are  almost  infinite  in  their  variety.  Sometimes  they 
are  large  and  distinct,  and  can  be  referred  to  known  mineral  species,  as  the 
scales  of  hematite  to  which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  for  many  minerals,  appearing, 
for  example,  in  the  Pennsbury  mica;  quartz  is  also  often  mecnanically 
mixed,  as  in  staurolite  and  gmelinite.  On  the  other  hand,  quartz  crystals 
veiy  commonly  inclose  foreign  material,  such  as  chlorite,  tourmaline,  rutile, 
hematite,  asbestos,  and  many  other  minerals. 


*  Beference  mast  be  made  here  to  the  difionssloii  bv  Scaoohi  of  the  principle  of  *'  PolyaTni* 
metiy.*'  (Atti  Aocad.  NapoU,  i.,  1864.)  See  also  Btrschteald^  Zxa  Kritik  des  LeudtqrftoM^ 
TNh.  Mill.  Mitth.,  1876,  227.    See  further  the  discussiou  on  pp.  185  et  aeq. 
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The  iticIoBiires  may  also  conBi'st  of  a  lieterogeneona  mass  of  raab  rial ;  at 
tl.e  granitic  matter  Been  in  orthoclase  crjetals  in  a  porphjiitiv  granite ;  or 
ihe  feldapar,  qaartz,  etc.,  BometimeB   inclosed  in 
large  coarse  crystals  of  beryl,  occarring  in  granite  8S8 

veins. 

An  interesting  example  of  the  iucloenre  of  one 
mineral  by  another  is  afforded  by  thu  annexed 
tienres  of  tourmaline,  enveloping  orthoolaae  (E.  H. 
WiUianiB,  Am.  J.  Sci.,  III.,  xi.,  278, 1876).  Fig. 
358  shows  the  crystal  of  tourmaline  ;  and  cross-sec- 
tions of  it  at  the  points  indicated  (a,  b,  d)  are  given 
by  f.  859,  860,  361.  The  latter  show  that  the  feld- 
spar increases  in  amonnt  in  the  lower  part  of  the 
crystal,  the  toarmaline  being  merely  a  thin  shell. 
Similar  specimens  from  the  same  locality  (Port 
Henry,  Essex  Co.,  N.  Y.)  show  that  there  is  no  no- 
ceasary  connection  between  the  poeition  of  the  tour^ 
maline  and  that  of  the  feldspar. 

Similar  occurrences  are  tnose  of  trapesohedrons 
of  garnet,  wliere  the  latter  is  a  mere  shell,  enclosing 
calcite,   or  sometimes  epidote.       Analogous  cases 

have  been  explained  by  some  authors  as  being  due  to  partial  paendomorph 
iem,  the  alteration  progressing  from  the  centre  outwara. 


DOV 


The  mioroBcoplc  crystals  obserred  as  incloenres  may  sometimes  be 
referred  to  known  species,  bnt  more  generally  their  tme  nature  is  doubtful. 
The  terra  miorolitet,  proposed  by  Vogelsang,  is  often  used  to  designate  the 


niinnte  inclosed  crystals:  they  are  generally  of  needle-like  form,  some* 
times  qnite  irregular,  and  often  very  remarkable  in  their  arrangement  and 
poupings ;  some  of  them  are  exhibited  in  f,  367  and  f.  868,  as  explained 
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below.  Trichite  aod  belonite  are  names  introduced  bj  Zirkel ;  tlio  fomei 
name  ib  derived  from  0pl^,  hair,  the  forme,  like  tbat  in  £  862,  are  commoD 
in  obftidian.  Where  the  minote  individnale  belong  to  known  Bpecies  they 
are  called,  for  example,  feldspar  miunilites,  etc. 

Orygtaliiiea  is  an  analt^ns  term  which  is  intended  b;  Vogelsang  t:>  cover 
those  minute  foime  which  have  not  the  regular  exterior  form  of  crjstals, 
bnt  may  be  considered  as  intermediate  between  amorphous  matter  and  true 
enrstals.  Some  of  the  forms,  figured  by  Vogelsang,  are  shown  in  f.  363  to 
866  \  they  are  often  obaerred  in  glassy  volcanic  rocks,  and  also  in  f  amace 
llags.  A  series  of  names  Lave  been  given  to  varieties  of  crystallites,  such 
as  globulites,  raargarites,  etc* 

Xho  microscopic  inclosures  may  also  be  of  an  irregular  glassy  nature  ;  a 
kind  that  exists  in  crystals  which  have  formed  from  a  melted  mass,  as  lavas 
or  the  slag  of  iron  furnaces. 

In  general,  it  may  be  said  that  while  the  solid  inclosures  occur  sometimes 
quite  irregnlai'ly  in  the  crystals,  they  are  more  generally  arranged  with 
some  eviiftnt  reference  to  the  symmetry  of  the  form,  or  planes  of  the 
crystals.    Examples  of  this  are  ebown  in  the  following  figures :  f.  367  ez 


bibits  a  crystal  of  augite,  inclosing  magnetite,  feldspar  and  nephelite 
microlitcs,  etc,  and  f.  368  shows  a  crystal  of  lencite,  a  species  whose 
crystals  very  commonly  inclose  foreign  matter.  Fig.  869  shows  a  section 
of  a  crystal  of  calctte,  containing  pynte. 


Ajiothor  striking  example  is  af^rded  by  andalusite,  in  which  the  inclosed 
Impurities  are  of  considerable  extent  and  remarkably  arranged.  Fig.  870 
shows  the  successive  parts  of  a  single  crystal,  as  dissected  by  B.  HorafonJ 

*  IHe  EiTitAlliteD  von  Hermum  ToielMiv.    Baai,  187B. 
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i4  Sprinfirfieldy  Mass.;  871,  one  of  tie  four  white  portions;  and  372|  die 
central  black  portion. 

871  879 
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ORYSTALUNE  AGGREGATES. 

The  greater  part  of  the  epecimens  or  masses  of  minerals  that  ocenr,  maj 
be  described  as  aggregations  of  imperfect  crystals.  Even  those  whoso 
Btractnre  appears  the  most  purely  impalpable,  and  the  most  destitnte  in- 
ternally of  anything  like  crystallization,  are  probably  composed  of  crystal- 
line grains.  Under  the  above  head,  consequently,  are  included  all  the 
remaining  varieties  of  structure  in  the  mineral  kingdom. 

The  individuals  composing  imperfectly  crystallized  individuals,  may  be : 

1.  Columns^  or  fibres^  in  which  case  tlie  structure  is  columnar. 

2.  Thin  lamincBy  producing  a  lamellar  structure* 
8.  OrainSj  constituting  a  grcmvXar  structure. 

1.  Columnar  Stnictnre^ 

A  mineral  possesses  a  columnar  structure  when  it  is  made  up  of  slendef 
oolumns  or  fibres.  There  are  the  following  varieties  of  the  columnar  stmc 
tnre: 

JFtirous  ;  when  the  columns  or  fibres  are  parallel.  Ex.  gypsum,  asbefltoa 
Fibrous  minerals  have  often  a  silky  lustre. 
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Retic^dated  :  when  the  fibres  or  columns  cross  in  varioas  directions,  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated  or  steUvla/r:  when  they  radiate  from  a  centre  in  all  directionB^ 
and  produce  star-like  forms.    Ex.  stilbite,  wavellite. 

Badiated^  divergent :  when  the  crystals  radiate  from  a  centre,  without 
producing  stellar  n>rmB.    Ex.  quartz,  stibnite. 


2.  LameUar  Structure. 

The  structure  of  a  mineral  is  lamellar  when  it  consists  of  plates  or 
leaves.  The  laminsd  may  be  curved  or  straight,  and  thus  give  rise  to  the 
Cfurved  lamellar,  and  straight  lamellar  structure.  Ex.  woUastonite  (tabular 
spar),  some  varieties  of  gypsum,  talc,  etc.  When  the  laminse  are  thin  and 
easily  separable,  the  structure  is  said  to  be  foliaceous.  Mica  is  a  striking 
example,  and  the  term  micaceous  is  often  used  to  describe  this  kind  of 
structure. 

8.  Orannlar  Structtire» 

The  particles  in  a  granular  structure  differ  much  in  size.  When  coarse, 
the  minei'al  is  described  as  coarsely  grarvular  ;  when  ^Vix^^jmely  granular; 
and  if  not  distinguishable  by  the  naked  eye,  the  structure  is  tei*med  imr 
paJ/pahle,  Examples  of  the  fii-st  may  be  observed  in  granular  crystalline 
umestone,  sometimes  called  saccharoidal ;  of  the  secona,  in  some  varieties 
of  hematite  ;  of  the  last,  in  chalcedony,  opal,  and  other  species. 

The  above  terras  are  indefinite,  but  rrom  necessity,  as  there  is  every 
decree  of  fineness  of  structure  in  the  mineral  species,  from  perfectly  im- 
palpable, through  all  possible  shades,  to  the  coarsest  granular.  The  term 
phanero-crystcUline  has  been  used  for  varieties  in  which  the  grains  are  dis- 
tinct, and  cryptO'CrystaMney  for  those  in  which  they  are  not  discernible. 

Granular  minerals,  when  easily  crumbled  in  the  fingers,  are  said  to  be 
friable. 

4.  Imitative  Shapes. 

Heniform  .•  kidney  shape.    The  structure  may  be  radiating  or  concentric. 
^  "       '^^  *    *        '  **  ^   "*  '         ».    The  name 

limonite,  chal- 


BotfyoidaL:  consisting  of  a  group  of  rounded  prominences.    The  name 
is  derived  from  the  Greek  fiarpv^y  a  hunch  of  grapes.    Ex.  lii 
cedony. 

MammiUary :  resembling  the  botryoidal,  but  composed  of  larger  prom- 
inences. 

Olobular  :  spherical  or  nearly  so ;  the  globules  may  consist  of  radiating 
fibres  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  sur- 
face of  a  rock,  they  ai*e  described  as  implanted  globules, 

Uodvia/r  :  in  tuberose  forms,  or  having  irregular  protuberances  ever  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  usually  to  a  greenstone  contain 
Ing  almond-shaped  or  sub-globular  nodulea. 
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CaraUoidal :  like  coral,  or  consisting  of  interlaced  flexuous  bmncliings 
of  a  white  color,  as  in  some  ara^onite. 

Dendritic  :  branching  tree-like. 

Mossy  :  like  moss  in  form  or  appearance. 

Filijorm,  or  CapUla/ry :  very  slender  and  long,  like  a  thi-ead  or  hair ; 
consists  ordinai*ily  of  a  succession  of  minute  crystals. 

Ad&ular  :  slender  and  rigid  like  a  needle. 

Reticulated:  net-like. 

Drusy  :  closely  covered  with  minute  implanted  crystals. 

Stdlactitic :  when  the  mineral  occurs  in  pendant  columns,  cylinders,  or 
elongated  cones. 

Stalactites  are  produced  by  the  percolation  of  water,  holding  mineral 
matter  in  solution,  throc^h  the  rocky  roofs  of  caverns.  The  evaporation 
of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually  forms 
a  long  pendant  cylinder  or  cone.  The  internal  structure  may  be  imper- 
fectly crystalline  and  granular,  or  may  consist  of  fibi*e8  radiating  from  the 
centml  column,  or  thei*e  may  be  a  broad  cross-cleavage. 

Common  stalactites  consist  of  calcium  carbonate.  Chalcedony,  gibbsite, 
brown  iron  ore,  and  many  other  species,  also  present  stalactitic  forms. 

The  term  ainorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
form  or  imitative  shape,  but  also  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  structure 
internally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly- 
like,  from  the  Greek  for  glue.  Whether  there  is  a  total  absence  of  crystal- 
line stractui*e  in  the  molecules  is  a  debated  point.  The  word  is  from  a 
privative^  and  yJ^p^'^  shape. 


PSEUDOMORPHOUS  CRYSTALS. 

Every  true  mineral  species  has,  when  crystallized,  a  form  peculiar  to 
itself ;  occasionally,  however,  crystals  are  found  that  have  the  form,  both 
as  to  angles  and  general  habit,  of  a  certain  species,  and  yet  differ  from  it 
entii-ely  in  chemical  composition.  Moreover  it  is  often  seen  that,  though 
in  outward  form  complete  crystals,  in  internal  structure  they  are  granular, 
or  waxy,  and  have  no  regular  cleavage. 

Such  crystals  are  called  pseudomdr^hs,  and  their  existence  is  explained 
by  the  assumption,  often  admitting  ot  direct  proof,  that  the  original  min- 
eral has  been  changed  into  the  new  compound,  or  has  disappeared  through 
some  a^ncy,  and  its  place  been  taken  by  another  chemical  compound  tc 
which  the  form  does  not  belong. 

Psendomorphs  have  been  classed  under  several  heads. 

1.  Psendomorphs  by  substitution, 

2.  Pseudomorphs  by  simple  deposition^  (a)  incricstation  or  {b)  infiUrnh 
tion. 

3.  Pseudomorphs  by  alteration  /  and  these  may  be  altered 

(a)  without  4  change  of  composition,  by  paramorphism ; 
{i)  by  the  loss  of  an  ingredient ; 
((?)  by  the  assumption  of  a  foreign  substance ; 
(a)  by  a  partial  exchange  of  constituenta 
8 
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1.  The  first  class  of  pseadomorphs,  by  svbatitutionj  embrace  those 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a 
corresponding  and  simultaneous  replacement  of  it  hj  another,  without, 
however,  any  chemical  reaction  between  the  two.  A  common  example  of 
this  is  a  piece  of  fossilized  wood,  where  the  original  fibre  has  been  replaced 
entii*ely  by  silica.  The  first  step  in  the  process  was  the  filling  of  all  the 
pores  and  cavities  by  the  silica  in  solution,  and  then  as  the  woody  fibre  by 
gradual  decomposition  disappeai*ed,  the  silica  further  took  its  place.  Other 
examples  are  quartz  after  fluorite,  calcite,  and  many  other  species,  cassiterito 
after  orthoclase,  etc. 

2.  Pseudomoi-phs  by  inorustationy  form  a  less  important  class.  Such 
ure  the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal 
of  the  original  mineral  has  gone  on  simultaneonsly  with  the  deposit  of  the 
second,  so  tliat  the  resulting  pseudomorph  is  properly  one  of  substitution. 
In  pseudomorphs  by  iniUtraHon^  a  cavity  mad!e  by  the  removal  of  a  crystal 
has  been  filled  by  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration^  include  a  considerable 
piX)|X)rtion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnished  by  a 
kernel  of  the  original  mineral  in  the  centre  of  the  altei'ed  crystal;  e.g.j  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite ;  also  of 
chi^Bolite  in  a  pseudomorphous  crystal  of  serpentine ;  of  corundum  in 
fibrolite,  or  spinel  (Genth). 

{a)  An  example  of  paramorphism  is  furnished  by  the  change  of  aragonite 
to  calcite  at  a  certain  temperature ;  also  the  pararaorphs  of  rutile  after 
arkansite  from  Magnet  Cove. 

(i)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  limonite  in  the  form  of 
siderite,  the  carbonic  acid  having  been  removed ;  so  also  calcite  after 
gay-lussite ;  native  copper  after  cuprite. 

\c)  In  the  change  of  cuprite  to  malachite,  e,g,y  the  familiar  crystals  from 
Chessy,  Fitmce,  an  instance  is  afforded  of  the  assumption  of  an  ingredient, 
viz.,  carbonic  acid.  Pseudomorphs  of  gypsum  after  anhydrite  occur,  where 
there  has  been  an  assumption  ot  water. 

(<i)  A  partial  exchange  of  constituents,  in  other  words,  a  loss  of  one  and 
gain  of  another,  takes  place  in  the  change  c»f  feldspar  to  kaolin,  in  which 
me  potash  silicate  disappear  and  water  is  taken  np ;  pseudomorphs  of 
chlorite  after  garnet,  pyromorphite  after  galenite,  are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  field  foi 
investigation,  in  which  Bischof,  Delesse  and  othera  have  done  much. 


SECTION  I.— SUPPLEMENTARY   CHAPTER. 

JMPROVBUENrB     IN     THE     INSTKL^HENTS     FOR     THE     MEASUREUENT    OF    THE 
ANGLES  OF   CRYSTALS    (seC  pp.  83-87). 

Reflecting  Goniometer. — A  form  of  reOocting  goniometoi',  well  adapted  for 
Accurate  measui'ements,  and  at  the  same  time  tliorouglily  pructical,  is  shown 
Id  f.  372a.  It  is  made  on  the  Babinet  type,  with  a  lioiizontal  grndnuted 
circle;  the  instruments  of  the  Mitscherlicn  type,  alhided  to  on  p.  86,  having 
a  vertical  circle.  Tlie  horizontal  circle  has  many  advantages,  especially 
when  it  is  desired  to  measure  the  angles  of  lai^e  crystals  or  those  which  are 


attached  to  a  large  piece  of  rock.     This  particular  form  of  instnimetit  liere 
figured  is  made  by  fi.  Fuess,*  in  Berlin  (Alto  Jucobstraase  108),  and  has 

*  The  author  in  indebted  to  R.  Fuess  for  the  electrotypes  from  vhich  this  and  the  fol- 
lowing flgurea  (S72a,  b,  c,  d,  also,  f .  412c,  d,  b,  f,  h,  k,  l)  have  Ijoen  printed. 
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many  improvements  suggested  by  Websky  (Zeitschr.  Kryst.,  iv.,  646,  1880. 
See  also  Liebisch,  Bericht  Uber  die  wissenschaftliclicu  Instramente  auf  der 
Berliner  GewerbeausstelUmg  im  Jahre  1879,  pp.  330-332). 

The  instrument  stands  on  a  tripod  with  leveling  screws.  The  central 
axis,  0,  has  within  it  a  hollow  axis,  h,  with  which  turns  the  plate,  d,  carry- 
ing the  verniers  and  also  the  observing  telescope,  the  upright  support  of 
which  is  shown  at  B.  Within  J  is  a  second  hollow  axis,  e,  which  carries 
the  graduated  circle, /,  above,  and  which  is  turned  by  the  screw-head,  g; 
the  tangent  screw,  a,  serves  as  a  fine  adjustment  for  the  observing  telescope, 
B,  the  screw,  c,  being  for  this  purpose  raised  so  as  to  bind  b  and  e  together. 
The  tangent  screw,  y§,  is  a  fine  adjustment  for  the  graduated  circle.  Again, 
within  e  is  the  third  axis,  h,  turned  by  the  screw-head,  i,  and  wuthin  h  is  the 
central  rod,  8,  which  carries  the  support  for  the  crystal,  with  the  adjusting 
and  centering  contrivances  mentioned  below.  The  rod,  8,  can  be  raised  or 
lowered  by  the  screw,  h,  so  as  to  bring  the  crystal  to  the  proper  height,  that  is 
up  to  the  axis  of  the  telescope  ;  when  this  has  been  accomplished,  the  clamp 
at  p,  turned  by  a  set-key,  binds  8  to  the  axis,  //.  The  movement  of  h  can 
take  place  independently  of  ^,  but  after  the  crystal  is  read v  for  measurement 
these  two  axes  are  bound  together  by  the  set-screw,  Z.  The  signal  telescope 
is  supported  at  0,  firmly  attached  to  one  of  the  legs  of  the  tripod.  The  crys- 
tal is  mounted  on  the  plate,  w,  with  wax,  the  ])late  is  clamped  by  the  screw, 
V,  The  centering  apparatus  consists  of  two  slides  at  right  angles  to  each 
other  (one  of  these  is  shown  in  the  figure)  and  the  screw,  a,  which  works  it; 
the  end  of  the  other  corresponding  screw  is  seen  at  a'.  The  adjusting 
arrangement  consists  of  two  cylindrical  sections,  one  of  them,  r,  shown  in 
the  figure,  the  other  is  at  r' ;  the  cylinders  have  a  common  centre. 

The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier  gives 
the  readings  to  30",  but  by  estimate  they  can  be  obtained  to  10".  The  signals 
provided  are  four  in  number,  each  in  its  own  tube,  to  be  inserted  behind  the 
collimator  lens  ;  these  are  :  (1)  the  ordinary  telescope  with  the  hair  cross,  to 
be  used  in  the  case  of  the  most  perfect  planes ;  (2)  the  commonly  used  signal,* 
proposed  by  Websky,  consisting  of  two  small  opaque  circles,  whose  distance 
apart  can  be  adjusted  by  a  screw  between  them  ;  the  light  passing  between 
these  circles  enters  the  tube  in  a  form  resembling  a  double  concave  lens  ; 
also  (3)  an  adjustable  slit ;  and,  finally,  (4)  a  tube  with  a  single  round  open- 
ing, very  small.  There  are  four  observing  telescopes  of  different  angular 
breadth  of  field  and  magnifying  power,  and  hence  suitable  for  planes  varying 
in  size  and  in  degree  of  polish.    A  Nicol  prism  is  also  added. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjust- 
ments required  by  every  instrument  before  it  can  be  used,  and  in  the  actual 
measurement  of  the  angles  of  crystals,  have  been  described  by  Webskv  (1.  c.) 
with  a  fullness  and  clearness  which  leaves  nothing  to  be  desired,  and  refer- 
ence must  be  here  made  to  this  memoir. 

Microscope- Ooniometer  of  Birschwald. — For  the  measurement  of  the  angles 
of  crystals  whose  planes  are  destitute  of  polish,  Hibsghwald  has  devised  a 
'^  microscope-goniometer ''  (Jahrb.  Min.,  1879,  301,  539;  1880,  i.,  156.— 
See  also  Liebisch,  1.  c,  pp.  336,  377)  ;  the  actual  construction  has  been  made 
by  Fuess.  The  instrument  consists  of  a  Wollastou  goniometer  with  a  center- 
ing telescope  and  a  vertical  microscope.  The  principle  upon  which  the  use 
of  the  instrument  is  based  is  this  :  that  a  plane  seen  through  a  microscope 

♦  See  Websky,  Z.  Kryst.,  iiL,  241. 
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irill  bo  in  focDs  over  its  entire  extent  only  when  the  piano  is  exactly  at  right 
angles  to  the  asia  of  the  mioroBcope,  The  microscope  stands  vertically  above 
the  crystal,  and  ia  supported  on  n  doable  Blido,  which  allows  of  its  being 
moved  parallel  and  perpendicnlar  to  the  axis  of  the  goniometer,  bo  that  it  is 
possible  to  see  suecesaivoly  every  portion  of  a  crystal  face  fastened  to  the 
goniometer,  and  at  the  proper  focal  distance.  The  slide  perpendicular  to  the 
axis  of  the  goniometer  carries  a  vernier,  so  that  the  position  of  tho  microscope 
can  be  measured  on  the  fixed  scale  to  a  half  millimeter.  The  micrometer 
Bcretv  of  the  microscope  is  arranged  so  tbat  tho  raising  or  lowering  of  the 
microscope  can  bo  measured  to  0-004  mm.  The  spider  Tine  in  the  eye-piece, 
parallel  to  the  a^is  of  rotation  of  tho  goniometer,  is  so  adjusted  that  when  the 
slide  just  mentioned  stands  at  the  zero  of  its  scale,  it  lies  cxaetly  in  tho 
vertical  plane  through  the  axis.  The  horizontal  centering  telescope  is  placed 
opposite  the  ci^stal  support,  and  moves  on  a  slide  parallel  to  tlie  axis  of  the 
graduated  circle.  Its  spider  lines  are  so  adjusted  that  their  centre  exactly 
coincides  with  this  axis.  The  apparatus  for  centering  and  adjusting  the 
crystal  consists  of  a  vertical  disk  allowing  of  motion  in  any  direction  perpen- 
dicular to  the  axis  of  rotation,  and  a  spherical  segment  moved  by  four  arms 
(Petzval  support).  In  use  tho  edgo  of  the  tivo  planes  to  be  measured  is 
brought  bv  means  of  tho  spider  line  of  the  microscope  parallel  to  the  axis  of 
rotation  ot  the  goniometer,  and  there  centered,  by  moans  of  the  telescope,  so 
that  as  the  crystal  is  turned  this  edge  remains  in  the  centre  of  the  spider  line 
of  tho  centering  telescope ;  then  the  two  planes  which  form  this  edge  are,  by 
BQccesaive  adjustments  by  help  of  tho  microscope,  brought  each  successively 
into  an  exactly  horizontal  position  as  the  circle  is  revolved.  The  angle 
(normal  angle)  between  the  two  planes  is  obtained  in  the  usual  manner. 
Hirschwald  calculates  that,  with  a  sufficiently  delicate  arrangement  of  lenses, 
forplanes  whose  width  is  5  mm.,  the  theoretical  errorof  measnremont  is2'  40"; 
for  those  with  a  width  of  10  mm,,  the  error  is  only  1'.  Tho  improved  sup- 
port for  tho  crystal  is  so  arranged  that  when  the  edge  is  exactly  adjusted  and 
one  of  the  two  planes  carefully  placed  with  the  microscope,  tlie  second  plane 
must   be  for  its  whole  " 

extent    in   the    proper  *• 

position  as  soon  as  this 
IS  true  for  a  single 
point  of  tho  plane. 

Contacl-lever  Ooni- 
omeler  of  Fucss. —  An- 
other form  of  goniom- 
eter has  been  invented 
by  FuES3  (see  Liebisch, 
1.  c.,  pp.  337-339) 
vhich  aims  to  accom- 
plish tho  same  end  as 
that  of  Hirschwald  — 
the  exact  measurement 
of  the  angle  between 
two  nnpoiisned  snrfaeea 
— bnt  in  this  case  the 
adjust nnent  is  accom- 
plished by  mechanical 

means.  The  essential  arrangement  is  shown  in  t,  373b,  37^c.  It  consists 
of  a  WoUastoa  goniometer,  0,  supported  upca  a  perfectly  even  nnpoliehed 
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glass  plate,  A.  The  contact-lever  is  carried  by  B,  which  rests  on  the  glass 
plate  by  two  pegs,  o,  and  by  the  screw,  n,  with  a  graduated  head  turn- 
ing in  connection  with  the  index,  y.  Two  arms,  FF^  go  down  from 
By  carrying  the  nut  in  which  the  screw,  r,  turns ;  this  screw  moves  B 
in  a  direction  at  right  angles  to  liic  axis  of  the  goniometer.  The  arm, 
D,  contains  the  nut  for  the  adjusting  ?crew,  m  (similar  to  »),  which 
belongs  immediately  to  the  lever  system.  On  the  arm  C  is  attached  the 
knife  edge,  2,  which  meets  the  edge,  c,  fastened  to  the  arm,  i;  this  arm,  i, 

turns  about  a,  and  is  supported  by  the 
screw,  m.  The  adjustable  ball,  b.  sup- 
ported on  /,  is  to  be  placed  so  that  the 
ivory  index  rests  with  the  least  pos- 
sible pressure  on  the  ciystal-face  at 
K  (see  also  f.  372c).  The  contact- 
lever,  F,  whose  longer  arm  marks  on 
the  scale,  S,  lies  between  I  and  c  ;  its 
head,  d,  is  so  to  be  adjusted  that  the 
lever  resting  on  the  lower  edge,  c,  has 
a  slight  excess  of  weight  on  the  side  of  the  goniometer,  so  that  it  toucnes  both 
edges.  A  perceptible  play  of  the  long  arm  corresponds  to  a  raising  or  lower- 
ing of  the  ivory  index  of  0*0005  mm.  If  the  plane  has  a  width  of  1  mm.,  the 
degree  of  accuracy  attainable  is  theoretically  2'. 

In  the  preliminary  centering  and  adjusting  the  work  is  facilitated  by  the 
arrangement  shown  in  f.  d72D.     It  consists  of  a  plate,  p,  372D. 

which  rests  on  A  by  the  three  set-screws,  s.  Two  arms, 
with  set-screws,  t,  resting  on  the  side  of  the  supporting 
plate,  make  possible,  similar  to  r,  a  movement  parallel  to 
this  side.  An  index  finger,  Z,  is  supported  above  the  plate, 
p.  The  screws,  8  and  t,  are  now  set  so  that  the  sharp  edge 
of  I  is  exactly  in  the  prolongation  of  the  axis  of  rotation 
of  the  goniometer,  which  is  necessarily  parallel  to  the 
upper  and  side  surfaces  of  the  supporting  plate.  By  the 
help  of  this  arrangement,  the  approximate  centering  and  adjusting  of  the 
crystal-edge  can  be  readily  accomplished,  and  also  the  parallelism  between 
the  crystfiu-faco  and  the  supporting  plate  be  proved. 

Measurement  of  the  Angles  of  microscopic  Crystals. — Bebtband  (C.  R,, 
Ixxxv.,  1175,  1877 ;  Bull.  Soc.  Min.,  i.,  n,  96,  1878)  has  described  a 
method  for  obtaining  the  interfacial  angles  of  microscopic  crystals,  which  may 
be  briefly  alluded  to  here.  It  is  based  on  the  geometrical  principle  that  if  the 
plane  angles  are  known  which  the  projections  of  a  plane  make  with  three 
perpendicular  co-ordinate  axes,  the  angular  inclination  of  the  plane  to  the 
three  axes  can  be  calculated.  The  crystal  te  be  measured  is  fastened  on  a 
small  cube  of  glass  held  in  a  pincer  arrangement,  on  a  secondary  microscope 
stage ;  this  stage  is,  like  the  principal  stage  below  it,  movable  about  a  ver- 
tical axis,  and  besides  has  by  means  of  screws  a  motion  in  two  perpendicular 
directions  in  a  horizontal  plane.  The  method  of  obtaining  the  desired  angles 
is  very  ingenious,  but  too  complex  to  allow  of  explanation  here ;  reference 
must  be  made  to  the  original  paper.  With  crystals  of  from  1-20  to  1-30  mm., 
Bertrand  obtained  results  accurate  within  6',  and  he  states  that  the  method 
can  be  extended  to  ciystals  which  have  a  magnitude  of  only  1-100  mm. 
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SECTION  n. 

PHYSICAL    OHARAOTERS    OF   MINERALS. 

Thx  phyBical  characters  of  minerals  arc  those  which  relate :  I.,  tc 
Oohesion  and  Elasticity,  that  is :  deavoffe  and  fracture^  h/x/rdnessy  and  ten- 
acity; II.,  to  the  Mass  and  Yolame,  the  specific  gra/oUy  ;  TIL,  to  Light, 
the  optical  properties  of  crystals ;  also  colore  lustre^  etc. ;  IV.,  to  Heat ; 
7.,  to  Electricity  and  Magnetism ;  YI.,  to  the  action  on  the  Senses,  as 
tastSj  fedy  etc. 

I.  COHESION  AND  ELASTICITY.* 

By  cohesion  is  understood  the  attraction  existing  between  the  molecules 
of  a  body,  in  consequence  of  which  they  offer  resistance  to  a  force  tend- 
ing to  separate  them,  as  in  breaking  or  scratching.     This  principle  leads  to 
8ome  of  the  most  universally  important  physical  characters  of  minerals,—  , 
cleavage, yracture,  and  hard^iess. 

BHasticity^  on  the  other  hand,  is  the  force  which  tends  to  bring  the 
molecules  of  a  body  back  into  their  original  position,  from  which  they  have 
been  disturbed.  Upon  elasticity  depends,  /or  the  most  part,  the  degree 
of  tenacity  possessed  by  different  minerals. 

A«  Cleavage  and  FsAcruBEi 

1.  Cleavage.  ^»  Most  crystallized  minerals  have  certain  directions  in 
which  their  cohesive  power  is  weakest,  and  in  which  they  consequently 
yield  most  readily  to  an  exterior  force.  This  tendency  to  break  in  the 
direction  of  certain  planes  is  called  cleavage^  and  being  most  intimately 
connected  with  the  crystalline  form  it  has  already  been  necessary  to  define 
it,  and  to  mention  some  of  its  most  important  features  (p.  2).  Cleavage 
differs  (a)  according  to  the  ease  with  which  it  is  obtained,  and  (&)  accord- 
ing to  its  direction,  crvstallographically^  determined. 

^a)  Cleavage  is  axUAodi  perfect  or  eminent  when  it  is  obtained  with  great 
ease,  affording  smooth,  lastrous  surfaces,  as  in  mica,  topaz,  calcite.  In^rior 
degrees  of  cleavage  are  spoken  of  as  distinct^  indistinct  or  imperfect^  inter- 
Tuptedj  in  traces^  difficult.  These  terms  are  sufficiently  intelligible  without 
foirtlier  explanation.  It  may  be  noticed  that  the  cleavage  of  a  species  is 
eometimes  better  developed  in  some  of  its  varieties  than  in  othei*s. 

{b)  Cleavage  is  also  named  accordingto  the  direction,  crystallogi'aphically 
defined,  whidi  it  takes  in  a  species.  When  parallel  to  the  basal  section  {O) 
it  is  called  basaly  as  in  topaz ;  parallel  to  the  prism,  as  in  amphibole,  it  is 
called  prismatic;  also  macroaiagoncUy  orthoaiagonaly  etc.,  wlien  parallel 
to  the  several  diametral  sections ;  parallel  to  the  faces  of  the  cube,  oota- 

*  ■   ■  »  • 

*  See  further  on  p.  178. 
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hedron,  dodecahedron,  or  rhomboliedron,  it  is  called  cuiiey  as  galenite ; 
octahedral^  as  fluorite;  dodecahedraZy  as  sphalerite;  rhomAohedraly  ag 
calcite. 

Intimately  cozineoted  with  the  deavage  of  ciystallized  minerals  are  the  divisional  planes  in- 
vestigated by  Eeosch  (see  Literature,  p.  123).  He  has  fonnd  that  \jy  pressure,  or  by  a  sadden 
blow,  divisional  planes  are  in  many  cases  produced  which  are  analogous  to  tbe  cleavage 
planes.  The  first  he  calls  GleitJUichen^  or  planes  in  which  a  gliding  of  the  molecules  upon 
each  other  takes  place.  Thus,  for  example,  if  two  opposite  dodeoihedral  edges  of  a  cabio 
deavage  mass  of  rock-salt  are  regularly  filed  away,  and  the  mass  then  sabjected  to  pressnxe 
in  this  direction,  a  Gldtflaohe  is  obtained  parallel  to  the  dodecahedral  face. 

The  figures,  on  the  o&er  hand,  obtained  by  a  blow  on  a  rounded  steel  point,  placed  perpen- 
dicular to  the  natural  or  cleavage  face  of  a  crystal,  are  called  by  yiim  fracture-fyyures  (Sddag- 
ilguren).  The  divisional-planes  in  this  case  appear  as  cracks  diverging  from  the  point  where 
the  blow  has  been  made.  For  instance,  on  a  cubic  face  of  rock-salt  two  planes,  forming  a 
zeotangolar  cross,  are  obtained  :  on  biaxial  mica,  a  six-rayed  (sometimee  three-  rayed)  stax 
results  from  the  blow,  one  ray  of  which  is  always  pazallel  to  the  brachydiagonal  axis  of  the 
prism. 

2.  Fracture, — The  term  fracture  is  used  to  define  the  form  or  kind  of 
snrface  obtained  by  breaking  in  a  direction  other  than  that  of  the  cleavage 
in  crystallized  minerals,  and  in  any  direction  in  massive  minerals.  When 
the  cleavage  is  highly  perfect  in  several  directions,  as  the  cubic  cleavage  of 
galenite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as : 

(a)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavities,  more 
or  less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the 
valve  of  a  shell,  from  concha,  a  shelZ  ;  flint. 

SEven  /  when  the  surface  of  fracture,  though  rough,  with  numerous 
I  elevations  and  depressions,  still  approximates  to  a  plane  surface. 
(cS  Uneven;  when  the  surface  is  rough  and  entirely  irregular. 
la)  HacJdey ;  when  the  elevations  are  shai-p  or  jagged ;  broken  iron. 
Other  terms  also  employed  are  earthy^  splinteryy  etc. 


B.  Habdness. 

By  the  hardness  of  a  mineral  is  understood  the  resistance  which  it  offers 
to  abrasion.  The  degree  of  hardness  is  determined  by  observing  tlie  eaee 
or  diflSculty  with  which  one  mineral  is  scratched  by  another,  or  by  a  file  or 
knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  a  substance 
impressible  by  the  finger-nail  to  that  of  the  diamond.  To  give  precision 
to  the  use  of  this  character,  a  scale  of  hardness  was  introduced  by  Moiis. 
It  is  as  follows : 

1.  Talc;  common  laminated  light-green  variety. 

2.  Oypsum  ;  a  crystallized  variety. 
8.  CaCcUe;  transparent  variety. 

4.  Fliuyrite  ;  crystalline  vanety. 

5.  Apatite ;  transpai*ent  variety. 
(5.5.  Scapolite;  crystalline  variety.) 

6.  Feldspar  (orthoclase) ;  white  cfeavable  variety* 
7*  Quartz;  transparent. 
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8.  Topaz  j  transparent 

9.  Sapphire ;  cleavable  varieties. 
10.  Diamand. 

If  the  mineral  under  trial  is  scratched  by  the  file  or  knife  as  oosllj  as 
upa^^te,  its  hardness  is  called  5 ;  if  a  little  more  easily  tlian  apatite  and 
not  BO  readily  as  flaorite,  its  hardness  is  called  4.5,  etc.  For  minerals  as 
hard  or  harder  than  quartz,  the  file  will  not  answer,  and  the  relative  hard 
ness  is  determined  by  finding  by  experiment  whether  the  given  mineral  will 
scratch,  or  can  be  scratched  by,  the  successive  minerals  in  the  scale. 

It  need  hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above 
methods,  though,  indeed,  for  all  mineralogical  purposes  exactness  is  quite 
annecessary. 

The  interval  between  2  and  3,  and  5  and  6,  in  the  scale  of  Mohs,  being 
a  little  greater  than  between  the  other  numbers,  Ereithaupt  proposed  a 
Bcale  of  twelve  minerals ;  but  the  scale  of  Mohs  is  now  universally  accepted. 

Accurate  determinations  of  the  hardness  of  minerals  have  been  made  by 
FraiykerJieim,^  Fram^  Chrailich  and  Pekareh^  and  others  (see  Literature, 
p.  122),  with  an  instrument  called  a  sderometer.  The  mineral  is  placed  on 
a  movable  carriage  with  the  surface  to  be  experimented  uix>n  horizontal ; 
this  is  brought  in  contact  with  a  steel  point  (or  diamond-point),  fixed  on  a 
support  above;  the  weight  is  then  determined  which  is  just  sufiicient  to 
move  the  carriage  and  produce  a  scratch  on  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  planes  of  a  cn^stal  differ  in  hardness,  and  the  same  plane  dif- 
fers as  it  is  scratched  in  dinerent  directions.  In  general,  the  hardest  plane 
is  that  which  is  intersected  by  the  plane  of  most  complete  cleavage.  And 
of  a  single  plane,  which  is  intersected  by  cleavage  planes,  the  direction 
perpendicular  to  the  cleavage  direction  is  the  softer,  those  parallel  to  it  the 
iiaitier. 

ThiB  sabjeot  has  been  reoentlj  inyestdgated  by  Exner  (p.  122),  who  has  given  the  form  of 
thectfrctfs  of  hardness  for  the  different  planes  of  many  oiyBtalfl.  These  cnrves  are  obtained  as 
follows :  the  least  weight  required  to  scratch  a  crystalline  soxfaoe  in  different  directions, 
for  each  10^  or  15®,  from  0*  to  180^,  is  determined  with  the  sderometer ;  these  directions 
tie  laid  off  as  radii  &om  a  centre,  and  the  lengtii  of  each  is  made  proportional  to  the  weight 
ftxed  by  experiment,  that  is,  to  the  hardness  thus  determined ;  the  line  connecting  the 
•xtremities  of  these  radii  is  the  coxye  of  hardness  for  the  given  plane. 


0.  Tenaoht. 

Solid  minerals  may  be  either  brittle,  sectile,  malleable,  flexible,  or  elastic 

{a)  Brittle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it ;  calcite. 

(ft)  Sectde ;  when  pieces  may  bo  cut  off  with  a  Isnife  without  falling  to 
|x>waer,  but  still  the  mineral  pulverizes  under  a  haLimer.  This  character 
10  intermediate  between  brittle  and  malleable ;  gypsum. 

(o)  Malledble;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
niider  a  hammer ;  native  gold,  native  silver. 

{d\  Flexible:  when  the  mineral  will  bend^  and  remain  bent  after  the 
benaing  force  is  removed ;  talc. 
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(e)  Elastic  ;  when  after  being  bent,  it  will  spring  back  to  its  original 
poBitioii ;  mica. 

The  elasticity  of  crystallized  minerals  is  a  subject  of  theoretical  rather 
tlian  practical  importance.  The  subject  has  been  acoostically  investimted 
bj  Savart  with  very  interesting  results.  Eeference  may  also  be  made  tc 
die  investigations  of  Neumann,  and  later  those  of  Yoigt  and  Grotbu  The 
most  important  principle  established  by  tiiese  researches  is,  as  stated  by 
Groth,  that  in  crystals  the  elasticity  (coefficient  of  elasticity)  differs  in 
different  directions,  but  is  the  same  in  all  directions  which  are  crystallo- 
^raphically  identical ;  hence  he  gives  as  the  definition  of  a  crystal,  a  solid 
in  which  the  elasticity  is  a  function  of  the  direction. 

Intimately  oonneoted  with  the  general  sabjects  heze  oonsidered,  of  ooheeion  in  relation 
to  minerals,  are  the  figures  produced  bj  etching  on  crystalline  faces  (Aetzfi^^uren,  Qerrn,\ 
investigated  by  LeydolC  and  later  by  Bawnhaner,  Ezner,  and  others.  This  method  of  inyesti- 
gation  is  of  high  importance  as  revealing  the  molecular  structure  of  the  crystal ;  reference, 
however,  must  be  made  to  the  original  memoirs,  whose  titles  are  given  below,  for  the  full 
discussion  of  the  Bubjeot 

The  etching  is  performed  mostly  by  solvents,  as  water  in  some  cases,  more  generally  the 
ordinary  mineral  adds,  or  caustic  alkalies,  also  by  steam  and  hydrofluoric  add ;  the  latter  is 
especially  powerful  in  its  action.  The  figures  produced  are  in  the  majoril^  of  cases  angular 
depressions,  such  aa  low  triangular,  or  quadrilateral  pyramids,  whose  outlines  run  parallel  to 
some  of  the  crystalline  edges.  In  some  cases  the  phmes  produced  can  be  referred  to  oooor- 
ring  crystaUographio  planes.  They  appear  alike  on  similar  planes  of  ciystals,  and  hence 
serve  to  distinguish  different  forms,  perhaps  in  appearance  identical,  as  the  two  sets  of  planes 
in  the  ordinary  double  pyramid  of  quartz ;  so,  too,  they  reveal  the  compound  twinning  stmo- 
tnre  common  on  some  crystals,  as  quarts  (p.  89)  and  aragonite. 

Analogous  to  the  etching-figures  are  the  figures  produ^d  on  the  faces  of  some  aiystals  by 
the  loss  of  water  (Verwitterungsfiguren,  Germ,)  This  subject  has  been  investigated  by  Pape 
(aee  below). 
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11.  SPECIFIC  GRAVITY.* 

The  specific  gravity  of  a  mineral  is  itB  weight  compared  with  that  of  an- 
other substance  of  eqnal  volume,  Aviiose  gravity  is  taken  at  unity.  In  the 
ease  of  solids  or  liquids,  this  comparison  is  usually  made  with  water.  If  a 
cubic  inch  of  any  mineral  weighs  twice  as  much  as  a  cubic  inch  of  water 
(water  being  the  unit),  its  specific  gravity  is  2,  if  three  times  as  much,  its 
specific  gravity  is  3,  etc. 

The  direct  comparison  by  weight  of  a  certain  volume  of  water  with  an 
equal  volume  of  a  given  solid  is  not  often  practicable.  By  making  use, 
however,  of  a  familiar  principle  in  hydrostatics,  viz.,  that  the  weight  lost 
by  a  solid  immereed  in  water  is  equal  to  the  weight  of  an  equal  volume  of 
water,  that  is  of  the  volume  of  water  it  displaces, — ^the  determination  of  the 
specific  gravity  becomes  a  very  simple  pi-ocess. 

The  weight  of  the  solid  out  of  water  {w)  is  determined  by  weighing  in 
tlic  usual  manner;  then  the  weight  in  water  is  found  {jJo')y  when  the  loss  by 
immersion  or  the  difference  of  the  two  weights  {;u)  —  w')  is  the  weight  of  a 
volume  of  water  equal  to  that  of  the  solid  ;  finally  the  quotient  of  the  fii'st 
weight  {v))  by  that  of  the  equal  volume  of  water  as  determined  {jjo  —  V)') 
is  the  specific  gravity  (&). 

Hence,  O  = 


w  —  w'* 


For  example,  the  weight  of  a  fragment  of  quartz  is  found  to  be  4.534 

grams.      Its  weight  in  water  =  2.817  grains,  and  therefore  the  loss  oi 

weight,  or  the  weight  of  an  equal  volume  of  water  =  1.717.    Consequent!} 

4.534 
the  specific  gravity  is  equal  to    *      ,  or  2.641. 

The  ordinary  method  for  obtaining  the  specific  gravity  of  firm,  solid 
minerals  is  firat  to  weigh  the  specimen  accurately  on  a  good  chemical  bal- 
ance, then  8usi)end  it  from  one  pan  of  the  balance  bv  a  horse-hair,  silk 
Ihread,  or  better  still  by  a  fine  platinum  wire,  in  a  glass  of  water  con- 
veniently placed  beneath.  The  platinum  wire  may  be  wound  around  the 
specimen,  or  where  the  latter  is  small  it  may  be  made  at  one  end  into  a 
little  spiral  snpport.  While  thus  suspended,  the  weight  is  again  taken  with 
the  same  care  as  before. 

The  water  employed  for  this  purpose  should  be  distilled,  to  free  it  from 
all  foreign  substances.  Since  the  density  of  water  varies  with  its  tempera- 
tnro,  a  particular  temperature  has  to  be  selected  for  these  experiments,  in 

*  See  farther  on  p.  178. 


124  PHTSIOAL  OBAaAOTKRa   OF   HIHBBALS. 

order  to  obtain  uniform  results:  60°  F.  is  the  most  convenient,  and  hat 
hoeii  generally  adopted.  But  the  temperatare  of  the  maximnin  density  of 
water,  39.2°  l'\  (4"  C),  has  been  recommended  as  preferable.  For  minerals 
eoluble  in  water  some  otlier  liquid,  as  a!w)hol,  'jenzene,  etc.,  must  be  em- 
ploved,  whose  specific  "i-avity  (^)  is  accurately  known;  from  the  com- 
parison with  it,  tne  speciBc  gravity  ((?)  of  the  mineral  as  refened  to  water 
18  determined,  as  by  the  formnla: 


A  Tery  convenient  form  of  balAnce  ti  the  apltal  baluioe  of  J0II7,  when  the  weight  la  toea- 
■nied  by  the  tortioa  of  a  apiral  braaa  wire.  The  readily,  vbicA  give  the  weight  of  the  min- 
eral in  and  out  of  water,  are  obtained  bj  obserring  the  ooincidenoe  of  the  index  with  itt 
image  reflected  in  tbe  mirror  on  which  the  gradnation  1b  made. 

A  form  of  balance  in  which  weights  «re  gJao  diepenBed  with,  the  apeciflo  gravity  bcdng  read 
ofl  from  a  scale  without  calculation,  has  recently  been  described  b;  Parigb  (Am.  J.  Soi.,  III., 
K.,  85S).     Where  great  aocolacy  ip  not  required,  it  can  be  very  oonrenienliy  used. 

If  the  mineral  is  not  solid,  but  pulverulent  or  porous,  it  is  best  to  rednce 
it  to  a  jKiwder  ard  weigh  it  in  a  little  gla.=«  bottle  (f.  373) 
878  called  a  pjigniimeter.     This  bottle  has  a  stopper  which 

fits  tightly  and  ends  in  a  tube  with  a  very  fine  opening. 
The  bottle  is  filled  with  diatilled  water,  the  stopper  in- 
serted, and  the  overflowing  water  carefnlly  removed  with 
a  soft  oloth.  It  is  now  weighed,  and  also  the  mineral 
whose  density  ia  to  be  determined.  The  stopper  is  tlien 
removed  and  the  mineral  in  powder  or  in  stnall  fragments 
inserted,  with  care,  so  ss  not  to  introduce  air-bubbles. 
The  water  which  overflnws  on  replacing  the  stopper  is 
the  amount  of  water  displaced  uy  the  mineral.  The 
weight  of  the  pygnometei-  with  the  enclosed  mineral  is 
determined,  and  the  weight  of  the  water  lost  is  obvionply 
the  difference  between  tliis  last  weight  and  that  of  the 
bottle  and  mineral  together,  as  first  determined.  The  specific  gravity  of 
the  mineral  is  equal  to  its  weight  alone  divided  by  the  weight  of  the  equal 
volnme  of  water  thns  determined. 

Where  this  method  is  followed  with  snfllcicut  care,  especially  avoiding 
any  change  of  temperature  in  the  water,  the  results  are  quite  accui-ate. 
Other  methods  of  determining  the  specific  gravity  will  be  found  described 
in  the  litei-atnre  notices  which  follow. 

It  has  been  shown  by  Kose  that  chemical  precipitates  have  uniformly  a 
higher  density  than  lielongs  to  the  same  substance  in  a  less  finely  divided 
state.  This  increase  of  density  also  characterizes,  though  to  a  less  extent, 
a  mineral  in  a  fine  stalo  of  meakanicil  subdivision.  This  is  explained 
by  the  condensation  of  the  water  on  the  surface  of  the  powder. 

It  may  also  be  mentioned  that  the  density  of  many  substances  is  altered 
by  fusion.  The  same  mineral  in  different  states  of  molecular  aggregatiou 
may  differ  somewhat  in  density.  Furthermore,  minerals  having  the  same 
ehemiual  composition  have  sometimea  different  densities  corresponding  eo  the 
different  crystalline  forms  in  which  they  appear  (see  p.  199). 
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For  all  minerals  in  a  state  of  average  purity  the  specific  gravi:y  is  one  of 
the  most  important  and  constant  cnaracteriBtics,  as  ur^ed  especially  by 
Breithaupt.  Every  chemical  analysis  of  a  mineral  should  be  accompanied 
by  a  careful  determination  of  its  density. 

Praetieal  ntggegUons, — The  fragment  taketi  should  not  be  too  large,  say  from  two  to  five 
grama  for  ordioaxy  oases,  TBijing  somewhat  with  the  density  of  the  mineral.  The  sabstonoo 
most  be  free  from  imparities,  internal  and  extemaly  and  not  porous.  Care  mnst  be  taken  to 
exclude  air-bubblen,  and  it  will  often  be  found  well  to  moisten  the  surface  of  the  specimen 
before  inserting  it  in  the  water,  and  sometimes  boiling  is  necessary  to  free  it  from  air.  If  it 
absorbs  water  this  latter  process  must  be  allowed  to  go  on  tiU  tiie  substance  is  fuUy  satu- 
rated. No  accurate  determinations  can  be  made  unless  the  changes  of  temperature  are 
rigorously  excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  oan  be  readily  obtained.  This 
method  is  often  important  in  the  study  of  rocks. 
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III.  LIGHT.* 

Before  considering  the  distinguishing  optical  properties  of  crystals  of  the 
different  systems,  it  is  desirable  to  review  briefly  some  of  the  more  im- 

Sortant   principles  of   optics  upon    which  the    phenomena  in  question 
epend. 

Nature  of  light. — In  accordance  with  the  undulatory  theory  of  Huy- 
ghens,  as  further  developed  by  Young  and  Fresnel,  light  is  conceived  to 
consist  in  the  vibrations,  ti-ans verse  to  the  direction  of  piX)pagation,  of  the 
particles  of  imponderable,  elastic  ether^  which  it  is  assumed  pervades  ail 
space  aa  well  as  all  material  b\)dies.  These  vibrations  are  propagated  with 
great  velocity  in  straight  lines  and  in  all  directions  from  tne  luminous 
point,  and  the  sensation  which  they  produce  on  the  nerves  of  the  eye  is 
called  light. 

The  nature  of  the  vibrations  will  be  understood  from  f.  374.  If  AB 
represents  the  direction  of  propagation  of  the  light-ray,  each  particle  of 
ether  vibrates  at  right  angles  to  this  as  a  line  of  equilibrium.    The  vibiii- 

*  See  further  on  dd  177  et  sea 
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tioii  of  the  firet  particle  iDdiices  a  similar  movement  in  the  adjacent  pai> 
tide ;  this  is  commanicated  to  the  next,  and  bo  od.  Tho  particlee  vibrate 
Bnccefisirely  from  the  line^^  to  a  distance  coiTeeponding  to  ^'called  the 
atn^litude  of  the  vibration,  then  return  to  b  and  pasa  on  to  b",  and  lo 


on.  Thns  at  a  given  instant  there  are  particles  occupying  all  poeitiona, 
from  that  of  the  extreme  distance  b',  or  o',  from  the  line  of  equilibrinm  to 
that  on  tliis  line.  In  tliis  way  the  wave  of  vibration  moves  forward,  while 
the  motion  of  the  particlea  is  only  transverse.  In  the  iignre  tlie  vibrationi 
are  represented  in  one  plane  only,  bnt  in  ordinary  light  they  take  placu  in 
all  directions  about  the  line  AB.  The  distance  between  any  two  particles, 
which  are  in  like  positions,  of  like  phase,  as  b'  and  c',  is  called  the  wave- 
length ■  and  the  time  required  for  tnis  completed  movement  is  called  the 
time  of  vibration.  The  intensity  of  the  light  varies  with  the  amplitude  of 
the  vibrations,  and  tlie  color  depends  upon  the  length  of  the  waves;  the 
wave-lengths  of  the  violet  rays  ai-e  shorter  than  those  of  the  red  rays. 

Two  waves  of  like  phase,  pi-opagated  in  the  same  direction  and  of  equal 
intensity,  on  meeting  unite  to  form  a  wave  of  double  intensity  (double 
amplitude).  If  the  waves  differ  in  phase  by  half  a  wave-length,  or  an  odd 
multiple  of  this,  they  interfere  and  extingnieh  each  other.  For  other  rela- 
tions of  phase  they  are  also  said  to  interfere,  forming  a  new  i-esultant  wave, 
differing  in  phase  and  amplitude  from  eacli  of  the  component  waves;  if 
they  are  waves  of  white  light,  their  interference  is  Indicated  by  the  appear- 
ance of  the  successive  colore  of  the  spectrum.  The  propagation  of  the 
vibration-waves  of  light  is  sometimes  compared  to  the  effect  prodnced 
when  a  pebble  is  thrown  in  a  sheet  of  quiet  water^a  series  of  concentric 
circular  waves  are  sent  out  froTn  the  point  of  agitation.  These  waves  con- 
sist in  the  transvej-se  vibration  of  the  paiticles  of  water,  the  waves  move 
forward,  but  the  water  simply  vibrates  to  and  fro  vertically. 

The  waves  of  light  are  propagated  forward,  in  an  analogous  manner,  in 
all  directinns  fi-om  the  luminous  point,  and  the  snrfacG  which  contains  all 
the  particles  which  commence  their  vibrations  simultaneously  is  called  the 
toavs-gurfaoe  (Wellenflache,  Oerm.). 

If  the  propagation  of  light  goes  on  with  the  same  velocity  in  all  direc- 
tions in  a  homogenei.ns  medium,  the  wave-surface  is  obviously  that  of  a 
sphere  and  the  medium  is  said  to  be  isotrope.  If  it  takes  place  with  dif- 
ferent velocities  in  different  directions  in  a  body,  the  wave-surfaca  is  some- 
times an  ellipsoid,  but  never  spherical,  as  Is  ^own  later;  such  a  bfxly  ii 
called  anisotrope. 

All  the  phenomena  of  optics  are  explained  npon  the  supposition  of  vjave* 
of  light,  whose  change  of  direction  accompanies  refraction,  whose  interfer- 
ence pi-oduces  the  colored  bands  of  the  diffraction  spectra,  etc.  For  the 
full  discussion  of  the  subject  reference  must  be  made  to  works  on  optica. 
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S«fracium.—A  raj  of  light  passing  through  a  hoiur^eneons  mccliani  ia 
klwavB  propagated  ia  a  atraight  line  without  deviation.  When,  however, 
the  light-ray  pEtssea  from  one  medium  to  another,  which  ie  of  different 
deneitj,  it  euners  a  change  of  direction,  which  ia  called  refraction.  For  in- 
itaiice,'in  f.  375,  if  ca  ia  a  ray  of  light  passing  from  air  into  water,  its  path 
will  be  changed  after  pasainff  the  surface  at 
ft,  and  it  will  continue  in  tue  direction  ab,  ^ 

Convereely,  if  a  ray  of  light,  ba,  pasa  from 
the  denser  medium,  water,  into  the  rarer 
medium,  air,  at  a,  it  will  take  the  direction 
a& 

If  now  moo  ia  a  perpendicular  to  the  sur- 
face at  a,  it  will  be  seen  that  the  angle  earn, 
called  the  angle  of  incidence  {€)  of  the  ray 
ca  is  greater  than  the  angle  lao,  called  the 
angle  of  refraction  (r),  and  what  is  obaerTed 
in  this  case  is  found  to  be  universally  true, 
and  the  law  is  expi-essed  as  follows : 

A  ray  of  light  in  jxiaaing  from  a  rarer 
to  a  denser  medium,  is  reft-aoted  towabds 

ihe  perpendicular ;  if  from  a  denser  to  a  rarer  medium  it  is  refracted 
AWAY  FBOM  the  peipendicular. 

A  further  relation  has  also  been  established  by  experiment :  however 
great  or  small  ihe  angle  of  incidence,  cam  (*),  may  be,  there  is  always  a 
foiistant  relation  between  it  and  the  angle  of  refraction,  yam- (r),  for  two 
(riven  substances,  as  here  for  air  and  water.  This  is  seen  in  the  figure  where 
of  and  da  ai-e  the  sines  of  the  two  angles,  and  their  ratio  {=  ^  nearly)  is 
tlie  same  at  that  of  the  sine  of  any  other  angle  of  incidence  to  the  sine  of 
its  angle  of  refraction.     This  principle  is  expressed  as  follows : 

The  sine  of  the  angle  of  incidence  kecM's  a  constant  ratio  to  the  sine  of 
the  angle  of  refraction. 

This  constant  ratio  between  these  two  angles  is  called  the  index  of  refrac- 
tion^ or  simply  n.    In  the  example  given  for  air  and  water  -r—  =  1.3S5, 

and  consequently  the  value  of  the  index  of  refraction,  or  n,  is  1.335. 

The  following  table  includes  the  values  of  n  for  a  variety  of  substances. 
For  all  crystallized  minerals,  except  those  of  the  iaomotric  svstem,  the  index 
of  refraftion  has  more  than  one  value,  as  is  explained  in  tlie  pages  which 
fallow. 

Ice 1.308  Oalcite 1.654 

Water 1.335  Aragonite 1.693 

Fluorite 1.436  Boracite 1.701 

Alnm. 1.457  Garnet. 1.815 

Chalcedony 1.553  Zircon 1.961 

Eock-salt 1.557  Blende. 2.260 

Quarts. 1.548  Diamond 2.410 

In  tbe  principle  which  has  been  stated,  ^^  =  n,  twc  points  ai-e  to  be 
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noted.  Fii-st,  if  the  angle  i  =  0®,  then  sin  i  =  0,  and  obvionslj  also  r  =  0 
i:i  other  words,  when  the  ray  of  h'ght  coincides  with  the  perpeudicular  no 
refraction  takes  place,  the  raj  proceeding  onwai*d  into  the  second  medium 
without  deviation. 

Again,  if  the  angle  i  =  90^,  then  sin  i  =  1,  and  the  equation  above  be- 
comes -; —  =  n,  or  sin  r  =  -  •    As  n  has  a  fixed  value  for  every  substance, 
8111  r  n  v  1 

it  is  obvious  that  there  will  also  be  a  corresponding  value  of  the  angle  r 
for  the  case  mentioned.    From  the  above  table  it  is  seen  that  for  water 

sin  r  =  r-^^j  and  r  =  48®  35' ;  for  diamond,  sin  r  =  -— -,  and  r  =  24°  25'. 

In  the  example  employed  above,  if  the  angle  boo  (r)  =  48®  35',  the  line  ac 
will  coincide  with  fl^  supposing  the  li^gjht  to  go  from  b  to  a.  If  r  is  greater 
than  48°  35',  the  ray  no  longer  passes  t'rom  the  water  into  the  air,  but  suffers 
total  reflection  at  the  surface  a.  This  value  of  r  is  said  to  be  the  limiting 
value  for  the  given  substance.  The  smaller  it  is  the  greater  the  amount  of 
light  roflected,  and  the  greater  the  apparent  brilliancy  of  the  substance  in 
question.  This  is  the  explanation  or  the  brilliancy  of  the  diamond. 
DetemiiJiation  of  the  hidex  of  refraction* — By  means  of  a  prism,  as 

MNP  in  f.  376,  it  is  possible  to  determine 
the  value  of  w,  or  index  of  refraction  of  a 
eiven  substance.  The  full  explanation  of 
tnis  subject  belongs  to  works  on  optics,  but 
a  word  is  devoted  to  it  here.  If  the  material 
is  solid,  a  prism  must  be  cut  and  polished, 
with  its  edge  in  the  proper  direction,  and 

,d    having  not  too  small  an  angle.     If  the  refrac- 

**  P  tive  index  of  a  liquid  is  required,  it  is  placed 

within  a  hollow  prism,  with  sides  of  plates  of  glass  having  both  surfaces 
parallel. 

The  angle  of  the  prism,  MN P  (a),  is,  in  each  case,  measured  in  the 
same  manner  as  the  angle  between  two  planes  of  a  crystal,  and  then  the 
minimum  amount  of  deviation  (S)  of  a  inonochroinatic  ray  of  light  passing 
from  a  slit  through  the  prism  is  also  determined.  The  amount  of  deviation 
of  a  ray  in  passing  through  the  prism  varies  with  its  position,  but  when  the 
prism  is  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the 
prism  {i  =  i\  f.  376),  both  when  entering  and  emerging,  this  deviation  has 
2^  fixed  minimum  value. 

If  S  r=  the  minimum  deviation  of  the  ray,  and 

a  =  the  angle  of  the  prism,  then  n  = ^-'- -. 

^  ^        '  sin  4a 

In  determining  the  value  of  n  for  different  colors,  it  is  desirable  to  employ 
rays  of  known  position  in  tlie  spectrum. 

Dotible  refraction. — Hitherto  the  existence  of  only  one  refracted  ray  has 
been  assumed  when  light  passes  from  one  medium  to  another.  But  it  ia 
a  well-known  fact  tliat  there  are  sometimes  two  refracted  rays.  The  most 
familiar  example  of  this  is  furnished  by  the  mineral  calcite,  also  called  on 
account  of  this  property  '*  doubly-refracting  spar." 

If  mnoj>  (f .  377)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  li^ht  moetf 

♦  See  further  on  p.  177. 
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it  at  by  it  will,  in  passing   thron^h,  be  divided   into   two  rays,  icj  hd 
Similarly  a  line  seen  through  a  piece  of  calcite  ordi- 
narily appears  double. 

It  will  be  seen,  however,  that  the  same  property  is 
enjoyed  by  the  great  majority  of  crystallized  nunerals, 
though  in  a  less  striking  degree. 

Reflection. — When  a  ray  of  light  passes  from  one 
medium  to  another,  for  example,  from  air  to  a  denser 
Babetance,  as  has  been  illustrated,  the  light  will  be  par- 
tially transmitted  and  refracted  by  the  latter,  in  the 
manner  illustrated,  but  a  portion  of  it  (the  ray  ag^  in  f.  375),  is  always 
reflected  back  into  the  air.  The  direction  of  the  reflected  ray  is  known 
in  accordance  with  the  following  law : 

The  angles  of  incidence  and  reflection  a/te  equal. — In  f.  376  the  angle 
cam  is  equal  to  the  angle  mag. 

The  relative  amount  of  light  reflected  and  transmitted  depends  upon  the 
angle  of  incidence,  and  also  upon  the  transparency  of  the  second  medium. 
If  the  surface  of  the  latter  is  not  perfectly  polished,  diffuse  reflection  will 
take  place,  and  there  will  be  no  distinct  reflected  ray. 

Still  another  important  principle,  in  relation  to  the  same  subject,  remains 
to  be  enunciated :  The  raya  of%ncidencey  refl^tionj  and  refraction  all  lie 
in  the  Bame plane. 

Dispersion, — Thug  far  the  change  in  direction  which  a  ray  of  light  suffers 
on  ren*action  has  alone  been  considered.  It  is  also  true  that  the  amount 
of  refraction  differe  for  the  different  colors  of  which  ordinary  white  light 
is  composed,  being  greater  for  blue  than  for  red.  In  consequence  of  this 
far!t,  if  a  ray  of  ordinary  light  pass  through  a  prism,  as  in  f.  376,  it  will 
not  only  be  refracted,  but  it  will  also  be  separated  into  its  component  colors, 
thus  forming  the  spectrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths ;  the  red  rays  have  longer  waves,  and  vibrate  more  slowly,  and 
hence  suffer  less  refraction  than  the  violet  rays,  for  which  the  wave-lengths 
are  shorter  and  the  velocitv  greater. 

Interference  of  light;  diffraction, — ^Wlien  a  ray  of  monochromatic  light 
is  made  to  pass  through  a  narrow  slit,  or  by  the  edge  of  an  opaque  body, 
it  is  diffracted^  and  there  arise,  as  may  be  observed  upon  an  appropriately 
placed  screen,  a  series  of  dark  and  light  bands,  growing  fainter  on  the  outer 
limits.  Their  presence,  as  has  been  Intimated,  is  explained  in  accordance 
with  the  undulatory  theory  of  light,  as  due  to  the  interference^  or  mutual 
reaction  of  the  adjoining  waves  of  light.  If  ordinary  light  is  employed, 
the  phenomena  are  the  same  and  for  the  same  causes,  except  tliat  the  bands 
ai'e  successive  spectra.  Diffraction  gratings,  consisting  of  a  series  of  ex- 
tremely fine  lines  very  closely  ruled  upon  glass,  are  employed  for  the  same 
purpose  as  the  prism  to  produce  the  colored  spectrum.  The  familiar 
phenomena  of  the  colors  of  thin  plates  and  of  Newton's  rings  depend  upon 
the  same  principle  of  the  interfci'ence  of  the  light  waves.  This  subject  is 
one  of  the  highest  importance  in  its  connection  with  the  optical  propei  ties 
of  crystals,  since  the  phenomena  observed  when  they  are  viewed,  under 
certain  circumstances,  in  polarized  light  are  explained  in  an  analogous 
manner.  (Compare  the  colored  plate,  &ontispiece.) 
9 
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Polarisation  h/  reflection. — By  jDolarization  is  undentood,  in  general, 
thst  change  in  the  character  of  reflected  or  transmitted  light  whicli  dimin* 
ishes  its  power  of  being  farther  reflected  or  transmitted.  In  accordance 
witli  the  undulatorj  theory  of  light  a  ray  of  polai-ized  light  is  one  whose 
vibrations  take  place  in  a  single  plane  only. 

Suppose  (f.  378)  mn  and  op  to  be  two  parallel  mirrors,  say  simple 

polished  pieces  of  black  glass ;  a  ray  of  light,  AJBy 

will  be  reflected  from  mn  in  the  direction  BO^ 

ytjj  ^,,.^dL         and  meeting  op^  will  be  again  reflected  to  I). 

y^t^^"^  When,  as  here,  the  two  mirrors  are  in  a  parallel 

/^p^v^^^  position,  the  plane  of  reflection  is  clearly  the 

W\     ^^«  same  for  both,  the  angles  of  incidence  are  equal, 

and  the  rays  AB  and  CD  are  parallel.  The  ray 
CD  is  polarized,  although  this  does  not  show 
itself  to  the  eye  direct 

Now  let  the  mirror,  6>p,  be  revolved  about  JBC 
as  an  axis,  and  let  its  position  otlierwise  be  un- 
changed, so  that  the  angles  of  incidence  still 
remain  equal,  it  will  be  found  that  the  reflected 
ray,  CD,  loses  more  and  more  of  its  brilliancy  as 
the  revolution  continues,  and  when  the  mirror, 
ojPj  occupies  a  position  at  right  angles  to  its 
former  position,  the  amount  of  light  reflected  will  be  a  minimum,  the 
planes  or  reflection  being  in  the  two  cases  perpendicular  to  one  another. 

If  the  revolution  of  tlie  mirror  be  continued  with  the  same  conditions  as 
before,  and  in  the  same  direction,  the  reflected  ray  will  become  brighter 
and  brighter  till  the  mirror  has  the  position,  indicated  by  the  dotted  line, 
o'p\  when  the  planes  of  reflection  again  coincide,  and  the  reflected  ray,  CD\ 
is  equal  in  brilliancy  to  that  previously  obtained  for  the  position  CD. 

The  same  diminution  to  a  minimum  will  be  seen  if  the  revolution  is  con- 
tinued 90°  farther,  and  the  reflected  ray  again  becomes  as  brilliant  as  before 
when  the  mirror  resumes  its  fii'st  position  op, 

111  the  above  description  it  was  asseited  that,  when  the  planes  of  inci- 
dence of  the  mirrors  were  at  right  angles  to  each  other,  the  amount  of  li^ht 
reflected  would  be  less  than  in  any  otner  position,  that  is  a  minimum.  For 
one  single  position  of  the  mirrors,  however,  as  they  thus  stand  perpendicular 
to  each  other,  that  is  for  one  single  value  of  the  angle  of  incidence,  the 
light  will  bo  practically  extinguished,  and  no  reflected  ray  will  appear 
ivovcL  the  second  mirror. 

The  angle  of  incidence,  ABH,  for  this  case  is  called  the  an>gle  of  polar- 
ization^ and  its  value  varies  for  different  substances.  It  was  shown  further 
by  Brewster  that : 

The  angle  of  polarization  is  that  angle  whose  tangent  is  the  index  of 
refraction  of  the  reflecting  substance,  i.e.,  tAU  i  =  ti. 

Exactly  tlie  same  phases  of  change  would  have  1>een  observed  if  the 
upper  mirror  had  been  revolved  in  a  similar  manner.  The  first  minor  ia 
oiteii  called  ^<^ polarizer,  the  second  the  analyzer. 

This  change  which  the  light  suffers  in  this  case,  ir.  consequence  of  re- 
flection, is  (y^]Q^  polarization. 
In  order  to  give  a  partial  explanation  of  this  phenomenon  and  to  make 
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tbe  same  subject  intelligible  as  applied  to  other  cases  iu  which  polarization 
occars,  reference  mnst  be  made  to  the  commonly  received  theory  of  the 
uatara  of  light  already  defined. 

The  phenomena  of  iii^ht  are  explained,  as  has  been  stated,  on  the  assnmp- 
tion  that  it  consists  or  the  vibmtions  of  the  ether,  the  vibrations  being 
transverse,  that  is  in  a  plane  perpendicular,  to  the  direction  in  which  the 
light  is  propagated.  These  vibrations  in  ordinary  light  take  place  in  all 
directions  in  this  plane  at  sensibly  the  same  time ;  strictly  speaking,  the 
vibi-ations  are  considered  as  being  always  transverse,  but  their  directions 
are  constantly  and  instantaneously  changing  in  azimuth.  Such  a  ray  of  light 
is  alike  on  all  sides  or  all  around  the  line  of  propa^tion,  AjS^  f.  374. 
^  ray  of  completely  polarized  light,  on  the  other  hand,  has  vibrations  in 
one  direction  only,  that  is  in  a  single  plane. 

Tliese  principles  may  be  applied  to  the  case  of  reflection  already  do* 
scribed.  The  ray  of  ordinary  li^ht,  ABy  has  its  vibrations  sensibly  simul- 
taneous in  all  directions  in  the  pane  at  right  angles  to  its  line  of  propaga- 
tion, while  the  light  reflected  from  each  mirror  has  only  those  vibrations 
which  are  in  on^  direction,  at  right  angles  to  the  plane  of  reflection — 
Bopposin^  that  the  mirrors  are  so  placed  that  the  angle  of  incidence 
(Aaff)  18  also  the  angle  of  polarization. 

If  the  mirror  occupy  the  position  represented  in  f.  878,  the  ray  of  light, 
BOj  after  being  reflected  by  the  first  mirror,  mn,  contains  that  part  of  the 
vibrations  whos^  direction  is  normal  to  its  plane  of  reflection  called  the 
plane  of  polarization.  This  is  also  true  of  the  second  mirror,  and  when 
they  are  parallel  and  their  planes  of  reflection  coincide,  the  ray  of  light  is 
reflected  a  second  time  without  additional  change. 

If,  however,  the  second  mirror  is  revolved  in  the  way  described  (p.  130), 
loss  and  less  of  the  light  will  bo  reflected  by  it,  since  a  successively  smaller 
part  of  the  vibrations  of  the  ray  BOte^^e  place  in  a  direction  normal  to 
its  plane  of  reflection.  And  when  the  mirrors  are  at  right  angles  to  each 
.)ther,  after  a  revolution  of  op  90°  about  the  line  jBCsub^  s^n  axis,  no  part  of 
the  vibrations  of  the  ray  -ff&are  in  the  plane  at  right  angles  to  the  reflec- 
tion-plane of  the  second  mirror,  and  hence  the  light  is  extinguished. 

By  reference  to  f .  375  this  subject  may  be  explained  a  little  more  broadly. 
It  was  seen  that  of  the  ray  ca,  meeting  the  suriace  of  the  water  at  a,  part  is 
reflected  and  part  transmitted  in  accordance  with  the  laws  of  reflection 
and  refraction.  It  has  been  shown  further  that  the  reflected  ray  is  polar- 
ized, that  is,  it  is  changed  so  that  the  vibrations  of  the  li^ht  take  place  in 
one  direction,  at  right  angles  to  the  plane  of  incidence.  It  is  also  true  that 
the  refracted  ray  is  polarized^  it  containing  only  those  vibrations  which 
were  lost  in  the  reflected  ray,  that  is,  those  which  coincide  with  the  plane 
of  incidence  and  reflection. 

It  was  stated  that  the  vibrations  of  the  polarized  reflected  ray  take  place 
0/  right  angles  to  the  plane  of  polarization.  This  is  the  assumption  which 
is  commonly  made ;  but  all  the  phenomena  of  polarization  can  be  equally 
well  explained  upon  the  other  supposition  that  they  coincide  with  this 
plane. 

The  separation  of  the  ray  of  ordinary  light  into  two  rays,  one  reflected 
tlie  other  refracted,  ribrating  at  right  angles  to  each  ether,  takes  place  most 
completely  when  the  reflected  and  refracted  rays  are  90**  from  one  another. 
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as  proved  b;  Brewster.  From  this  fact  follows  the  law  aireadj  stated^ 
that  the  tangent  of  the  angle  of  polarization  is  equal  to  the  index  of  re- 
fraction.    The  angle  of  polarization  for  glass  is  about  54°  35\ 

This  separation  is  in  no  case  absolutely  complete,  but  varies  with  differ- 
ent substances.  In  the  case  of  opaque  substances  the  vibrations  belonging 
to  the  refracted  ray  are  more  or  less  completely  absorbed  (compare  remarl^ 
on  color^  p.  168).    Metallic  surfaces  polarize  the  light  very  slightly. 

Polarization  by  means  of  thin  plates  of  glass, — It  has  been  explained 
that  the  light  which  has  been  transmitted  and  refracted  is  always  at  least 
in  part  polarized.  It  will  be  readily  understood  from  this  fact  that  when  a 
number  of  glass  plates  are  placed  together,  the  light  which  passes  through 
them  all  wiJ]  be  more  and  more  completely  polarized  as  their  number  is 
increased.  This  is  a  secoi^d  convenient  metliod  of  obtaining  polarized 
light. 

Polarization  by  means  of  tourmaline  plates, — The  phenomena  of  polar- 
ized light  may  also  be  shown  by  means  of  tourmaline  plates.  If  from 
a  crystal  of  tourmaline,  which  is  suitably  transparent,  two  sections  be 
obtained,  each  cut  parallel  to  the  vertical  axis,  it  will  be  found  that 
these,  when  placed  together  with  the  direction  of  their  axes  coinciding, 
allow  the  light  to  pass  through.  If,  however,  one  section  is  revolved  upon 
the  other,  less  and  less  of  the  light  is  transmitted,  until,  when  their  axes  are 
at  right  angles  (90®)  to  each  other,  the  light  is  (for  the  most  part)  extin- 

guished.  As  the  revolution  is  continued,  more  and  more  light  is  obtained 
irough  the  sections,  and  after  a  revolution  of  180®,  the  axes  being  again 
parallel,  the  appearance  is  as  at  first.  A  further  revolution  (270°)  brings 
the  axes  again  at  right  angles  to  each  other,  when  the  light  is  a  second  time 
extinguished,  and  so  on  around. 

The  explanation  of  these  phenomena,  so  far  as  it  can  be  given  here,  is 
analogous  to  that  employed  for  the  case  of  polarization  by  re- 
flection. Each  plate  so  affects  the  ray  of  light  that  after 
having  passed  through  it  there  exist  vibrations  in  one  direction 
only,  and  that  parallel  to  the  vertical  axis,  the  other  vibrations 
being  absorbed.  If  now  the  two  plates  are  placed  in  the  same 
position,  abdc,  and  efgh  (f.  379),  the  light  passes  through  both 
in  sncjcession.  If,  however,  the  one  is  turned  upon  the  other, 
only  that  portion  of  the  light  can  pass  through  which  vibrates 
still  in  the  direction  ao.  This  portion  is  determined  by  the 
resolution  of  the  existing  vibrations  in  accordance  with  the 
principle  of  the  parallelogram  of  forces.     Consequently,  when  the  sections 

stand  at  right  angles  to  each  other  (f.  380)  tlie  amount  of 
transmitted  light  is  nothing  (not  strictly  true),  that  is,  the 
light  is  extinguished. 

The  tourmaline  plates,  which  have  been  described,  are 
mounted  in  pieces  of  cork  and  held  in  a  kind  of  wire 
pincers  (f.  381).  The  object  to  be  examined  is  placed 
between  them  and  supported  there  by  the  spring  in  the 
wire.  In  use  they  are  held  close  to  the  eye,  and  in 
this  position  the  object  is  viewed  in  converging  polarized  light 

Polai^isation  by  means  of  JVicol  prisms. — The  most  convenient  method 
of  obtaining  polarized  light  is  by  means  of  a  JVicol  prisin  of  calcite.     A 
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deavage  rhombohedron  of  calcita  (the  variety  Jcdand-  spar  is  imivereally 
nsed  ill  consequence  of  its  tnuiBparencj)  is  obtained,  havuig  fonr  large  aiid 
two  small  rhombohedral  faces  opposite  eacli  other.     In  place  of  the  lattur 


planes  two  new  snrfaces  are  cnt,  mating  angles  of  C8°  (instead  of  71°)  with 

rhe  obtnse  vertical  edges ;  these  then  form  tlie  terniinal  faces  of  the  prisin. 

in  addition  to  this,  the  prism  ie  <:iit  through  in  the  dii'cution  HH  (f.  382), 

llie  parts  then  polished  and  cemented  together  again  with 

Canada  balsam.     A  I'ay  of  light,  ab,  entering  tlie  prism  888 

is  divided  into  two  rays  polarized  at  right  angles  to  each  T 

other.     One  of  these,  bo,  on  meeting  the  layer  of  balsam  ' 

(whose  refmctive  index  is  greater  than   tliat  of  calcite) 

Buffers  total  reflection  (p.  128),  and  is  deflected  against  the 

blackened  sides  of  the  prism  and  extingniehed.     Tlie  other 

passes  through  and  emerges  at  e,  a  completely  polarized 

ray  of  light,  tliat  is.  a  my  with  vibrations  in  one  direction 

0[ilv.  and  tliat  the  direction  of  the  shorter  diagonal  of  the 

prism  (f.  383). 

It  is  evident  that  twoNicol  prisms  can  be  used  tc^tlier 
in  the  same  way  as  the  two  tourmaline  plates,  or  the  two 
minora ;  one  is  called  the  polarizer,  and  the  other  the 
analyzer.  The  plane  of  pciTarization  of  the  Nicol  prisma 
has  tlie  direction  PP  (f.  383)  at  riglit  angles  to  which  the 
vibrations  of  the  light  talie  place.  A  ray  of  light  pass- 
ing throngli  one  Nicol  will  be  extinguished  by  a  second 
when  its  plane  of  polarization  is  at  riglit  angles  to  that  of 
the  first  prism ;  in  this  case  tlie  Nicols  are  said  to  be 
crotged.  The  Nicol  prisms  have  tlie  great  advantage  over  the  tourmaline 
plates,  that  tlie  light  they  transmit  is  uncolored  and  more  completely 
polarized. 

Either  a  tonrmaline  plate  or  a  Nicol  prism  883 

may  also  be  used  in  connection  with  a  reflecting 
mirror.  The  light  reflected  by  such  a  miiTor 
vibrates  in  a  plane  at  right  angles  to  tlie  plane  of 
incidence  (plane  of  polarization) ;  that  trans- 
mitted by  the  Nicol  prism  vibmtes  in  the  direc- 
tion of  the  shorter  diagonal  (f.  383).  Hence, 
when  the  plane  of  this  diagonal  is  at  right  angles 
to  the  plane  of  polarization  of  the  mirror,  the  re- 
tle<:tcd  ray  wilt  pass  through  the  prism;  but  when  the  two  planes  mentioned 
coincide,  the  planes  of  vibration  are  at  right  angles  and  the  reflected  ray  ii 
extinguished  by  the  prism. 
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Pdariacopei.* — The  NicolprismB,  when  ready  for  use,  are  mounted  iuau 
upright  inetrument,  called  s  polarUcopo.  SometiineB  pa/raUd,  and  BOme- 
times  converging,  light  is  required  in  the  investigatlona  for  which  the  inBtru- 
ment  is  need.    Fig.  381  sbowB  the  polarization-microacope  of  N&rrenberg 


as  altered  and  improved  by  Groth  (see 
Literature,  p.  160).  "  The  Nicol  pristna 
are  at  d  and  r,  and  are  bo  mounted  as 
to  admit  of  a  motion  of  revolution  in- 
dependent of  the  other  parts  of  the  in- 
Btrnment.  Tlie  lense  e  causes  the  light 
from  the  ordinary  mirror,  a,  to  paea  as  a 
cone  through  theprtBm  ^,  and  the  lenses 
at  h  converge  tlie  light  upon  tlie  plate 
to  be  examined  placed  at  i.  The  other 
lenses  {o)  above  act  as  a  weak  m  icroBcope, 
liaving  a  field  of  vision  of  130°.  The 
stage  (^ and  i).  carrying  the  object,  admits 
of  a  horizontal  revolution.  Tiie  distance 
between  the  twohal  ves  of  the  instrument 
iB  adinsted  by  the  BcrewB  m  and  n. 
When paraf lei  light  is  re()nircd,  a  similar  instniment  is  employed,  which 

has,  however,  a  different  arrangement  of  the  lenBes,  as  shown  in  f.   885. 

The  objects  for  which  these  instruments,  as  well  as  the  tourmaline  plates, 

are  employed,  will  be  fonnd  described  in  the  following  pages. 

The  liicot  prisms  are  often  used  as  an  appendage  to  the  ordinary  com- 

ponnd  microscope,  and  in  this  form  are  important  as  eiwbliiig  w  to  exanoiiM 

very  miotite  crystals  in  polarized  lightt 

■  See  luithei  on  pp.  178, 179.  f  See  pp.  183  «t  Mq. 
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DISTINGUISHING   OPTICAL   CHARACTERS  OF   THE  CRTS. 

TALS  OF  THE  DIFFERENT  SYSTEMS. 

It  has  already  been  remarked  that  all  crystallized  minerals  group  them 
Belves  into  Ihi-ee  grand  classes,  which  are  distiuguislied  by  their  physical 
properties,  as  well  as  theii  geometrical  form : 

A.  Isometfuo^  in  which  the  crystals  are  developed  alike  in  all  the  several 
txial  directions. 

JH,  Isodiametriej  including  the  tetragonal  and  hexa^nal  systems,  whose 
crystals  are  alike  in  the  directions  of  the  several  lateral  axes,  but  vertically 
the  development  is  unlike  that  laterally. 

C.  Aniaometrio^  embracing  the  thi'ee  remaining  systems,  where  the  crys- 
tals are  developed  in  the  three  axial  directions  dissimilarly. 

Between  these  olMwof!  there  ace  many  cases  of  gradual  transition  in  crystalline  form,  and. 
flimilarly  and  necessarily,  in  optical  character.  The  line  between  nniaTi'ftI  and  Uaariu 
oiystali,  for  instance,  cannot  be  considered  a  very  sharply  deiined  one** 


A.   ISOKETBIO  CSTSTALS. 

General  Optical  Charaater. 

All  isometric  crystals  are  alike  in  this  respect  that  they  simply  refract, 
but  do  not  dovhly  refract  the  light  they  transmit.  They  are  optically 
Uotrope,  This  follows  directly  from  the  symmetry  of  the  crystallization. 
In  the  language  of  Fresnel,  the  elasticity  of  the  light-ether  is  throughout 
them  the  same,  and  the  light  is  propagated  in  every  direction  with  the 
same  velocity.  There  is,  consequently,  but  one  value  or  the  index  of  refrac- 
tion. The  wave-8ni*face  is  spherical.  This  class  also  includes  all  trans- 
parent amorphous  substances,  like  glass. 

Optical  Investigation  of  Isometric  CrystaHe. 

In  consequence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
spejia'i  phenomena  in  polarized  light.  Sections  of  isometric  crystals  may 
be  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amoi*phons 
substance  in  polarized  light ;  in  other  words,  when  the  Nicol  prisms  are 
crossed  they  appear  dark,  and  a  revolution  of  tlie  section  in  any  plane  pro- 
duces no  change  in  appearance.  Similarly  they  appear  light  when  placed 
between  parallel  Nicols.     Some  anomalies  are  mentioned  on  p.  158. 

Isometric  crystals  have  but  a  single  index  of  refraction,  and  that  may  be 
determined  in  the  way  described  by  means  of  a  prism  cut  with  its  edge  in 
any  direction  whatever. 

Crystals  of  the  second  and  third  classes  are  optically  anisotrqpe. 

*  See  pp.  186  et  seq. 
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B.  Uniaxial  CjaYBTALa. 

General  Optical  Cha/tacter. 

In  the  ieodiamebrio  crystals,  those  of  the  tetragonal  and  hexagonal  bjs- 
terns,  tliei*e  is  crjstallo^raphically  one  axial  direction,  that  of  the  yertical 
axis,  which  is  distinguislied  from  the  other  lateral  directions  which  are 
among  themselves  alike.  So  also  the  optical  investigations  of  these  crystals 
show  that  with  reference  to  the  action  of  light  there  exists  a  similar  kind 
of  symmetry.  Light  is  propagated  in  the  direction  of  tlie  vertical  axis  with 
a  velocity  difFereiit  from  that  with  which  it  passes  in  any  other  direction, 
but  for  all  directions  at  right  angles  to  the  vertical  axis,  or  all  directions 
making  the  same  angle  with  it,  flie  velocity  of  propagation  is  the  same. 
In  other  words,  the  elasticity  of  the  ether  in  the  direction  of  the  vertical 
axis  is  either  greater  or  less  than  that  in  directions  normal  to  it  (analogous 
to  the  crystallographical  relation  c  ^  a),  while  in  the  latter  directions  it  is 
everywhere  alike. 

Optic  axis, — ^Let  a  ray  of  light  pass  through 
the  crystal  in  the  direction  of  the  vertical  axis, 
a5,  in  f.  3S6,  its  vibrations  must  take  placo  in 
the  plane  at  right  angles  to  this  axis ;  but  in  all 
directions  in  this  plane  the  elasticity  of  the  ether 
is  the  same,  hence  for  such  a  ray  the  crystal  must 
act  as  an  isotropo  medium ;  and  the  ray  is  con- 
sequently not  doubly  refracted  and  not  polarized. 
This  direction  is  called  the  ofhc  axis.* 

Dovhle  refraction, — If,  on  the  other  hand,  tlie 
•ray  of  light  passes  through  the  crystal  in  any  other  direction,  it  is  divided 
into  two  rays,  or  doubly  refracted  (see  f.  377),  and  this  in  conseauence  of 
the  difference  in  the  elasticity  of  the  ether  in  the  plane  in  which  the  vibra- 
tions take  place.  Of  these  two  rays,  one  follows  the  law  of  ordinary 
refraction,  and  this  is  called  the  ordinary  ray  ;  the  other  does  not  coufoim 
to  this  law,  and  is  called  the  extraordinary  ray.  Eotli  these  rays  are  polar- 
ized, and  in  planes  at  right  angles  to  each  other ;  the  vibrations  of  the 
extraordinary  ray  take  place  in  the  plane  passing  through  the  incident  ray 
and  vertical  axis,  called  the  principal  section^  those  of  the  ordinary  ray 
are  in  a  plane  at  right  angles  to  this. 

Wa/ve-aurface  of  the  oidinary  ray, — The  meaning  of  the  statement  that 
the  ordinaiy  ray  follows  the  law  of  the  simple  refraction  is  this : — the  index 
of  refraction  (cd)  of  the  ordinary  ray  has  invariably  the  same  value,  what- 
ever be  the  direction  in  which  the  light  passes  through  the  crystal ;  the 
amount  of  deviation  from  the  pei-pendicular  is  always  m  accordance  with 

the  law  -. —  =  n  (a)).     In  other  words,  the  ordinary  ray  is  propagated  in 
all  directions  in  the  medium  with  the  same  velocity  ;  and  hence  the  wave- 


*  It  vrill  be  andentood  that  the  opU^  aarii  is  always  a  direcUcUy  not  a  fixed  line  in  Um 
BiTitalt. 
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nrf&ce  is  that  of  a  sphere.  Moreover,  the  ordinary  ray  always  remaias  \a 
the  p]aDe  of  incidence. 

Waw-surfaca  of  the  extraordiTiary  ray. — For  the  extraordinary  ray  tha 
Uw  of  eimple  refraction  does  not  hold  good.  If  experiments  be  made  upon 
any  uniaxial  crystal,  it  will  bo  found  that  the  two  rays  are  most  sepamted 
when  (1)  the  light  falls  PERPEiTDicnLAB  to  the  vertiuul  axis.  As  its  inclina- 
tion toward  the  axis  is  diminished,  the  extraordinary  ray  approaches  the 
ordinary  my,  and  coincides  with  it  when  (2)  the  light  passes  tnroiigh  par- 
AUKL  to  the  vertical  axis.  The  index  of  retraction  of  the  extraordinaiy  ray 
varies  in  value,  being  most  unlike  to  for  the  first  case  supposed  when  the 
vibrations  of  the  extraordinary  ray  are  parallel  to  the  axis  (when  it  ia 
called  e),  and  is  equal  to  cu  for  the  second  case  supposed.  The  velocity  of 
tliis  ray  is  then  variable  in  a  corresponding  manner.  The  wave-surface  of 
the  extraordinary  ray  is  an  ellipsoid  of  rotation.  Moreover  it  ordinarily 
does  not  i-emaiu  in  the  plane  of  incidence. 

Two  cases  are  now  possible :  the  index  {a)  of  the  ordinary  ray  may  be  (1) 
greater  than  tliat  of  the  extraordinary  ray  (e),  in  which  case  the  velocity  of 
the  light  in  the  direction  of  the  vertical  axis  is  lets  than  that  in  any  other 
direction  ;  or  (2)  a  may  be  less  than  e,  and  in  this  case  the  velocity  of  pro- 
pagation for  the  light  has  its  maximum  parallel  to  the  vertical  axis.  The 
former  are  called  negative,  tho  latter  positive  crystals.  The  fact  alluded 
to  here  sliould  be  noted  that  the  value  of  the  refractive  index  is  iuvei-sely 
imiportiunal  to  the  velocity  of  the  light,  or  elasticity  of  the  ether,  in  the 
given  direction, 

Negative  crystals  ;  Wave-surface. — Forcalcite  a  =1-654,  e  =  1'483,  it  ia 
lience  one  of  the  class  of  negative  crystals.  Tlie  former  value  {to)  belongs 
to  the  my  vibi-ating  at  right  angles  to  the  vertical  axis,  and  the  latter  value 
(<)  to  the  ray  with  vibrations  paiallel  to  the  axis.  As  has  been  stated,  the 
refi-active  index  for  the  exti'aordiiiary  ray  increases  from  1.483  to  1,654,  as 
the  ray  becomes  more  and  more  nearly 
parallel  to  the  vertical  axis.     Fig.  387  illus-  ^^ 

trates  graphically  the  relation  between  the 
two  indices  of  refraction,  and  tlie  correspond- 
ing velocities  of  the  rays ;  ah  represents  the 
direction  of  the  vertical  axis,  that  is,  the  optic 
axis.  Also  jna,  mb  represent  the  velocity  ' 
of  the  light  parallel  to  this  axis,  correspond- 
ing to  the  g7-eaier  index  of  refraction  (1'654J. 
The  circle  described  with  this  radius  will 
represent  the  constant  velocity  of  the  ordi- 
nary ray  in   any  direction   whatever.     Lot 

further  md,  mc  represent  the  velocity  of  the  extraordinary  ray  passing  at 
right  angles  to  the  axis,  hence  corresponding  to  the  smaller  index  af 
refraction  (1*483).  The  ellipse,  whose  major  and  minor  axes  are  ed 
and  ab,  will  express  the  law  hi  accordance  with  which  the  velocity  of  the 
extraordinary  ray  varies,  viz.,  greatest  in  the  direction  Tnd,  least  in  the 
direction  ab  in  which  it  coincides  with  the  ordinary  ray.  For  any  inter- 
mediate direction,  hgm,  the  velocity  will  be  expressed  by  the  length  of  the 
line,  Am. 

Itow  let  this  figure  be  revolved  about  the  axis  ab ;  there  will  be  genointed 
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K  circle  within  an  oblate  ellipsoid  of  rotation  (f.  3S8).    The  Btirface  at  the 

sphere  is  the  wave-surface  of  the  ordinary  ray 

S8S  and  that  of  tlie  cHipBoid  of  the  extraordinary 

ray ;  the  line  of  their  intereectioii  is  the  optiu 

axia.  ti-\ 

In  f.  377,  p.  Hd^  the  ray  of  light  is  shown 
divided  into  two  by  the  piece  of  calcite ;  of 
these,  bd,  which  is  tlie  more  refracted,  is  the 
ordinary  ray,  and  ia,  which  is  less  refracted,  is 
the  extraordinary  ray. 

Positvoe    cryataU;      Wa/veswfaoe.  —  For 
qnartz  u  =  1-548,  c  =  1'558.     The  index  of 
refraction  for  the  ordinary  ray  (lu)  is  less  than  that  of  the  extraordinary  ray 
(e) ;  qnartz  hence  belongs  to  the  class  of  positive  crystals.     The  value  of  « 
(1-558)  for  the  extraordinary  ray  corresponds  to  the  dii-ection  of  the  ray  at 
right  ann;les  to  the  vertical  axis,  when  its  vibrations  are  parallel  to  this  axis. 
As  the  direction  of  the  ray  changes  and  becomes  more  and  more  nearly  par- 
allel to  the  axis,  the  value  of  its  index  of  re- 
869  fraction  decreases,  and  wlien  it  is  parallel  to  the 

latter,  it  has  the  value  1*548.    The  extraordin- 
ary ray  thou  coincides  with  the  oi-dinary,  and 
tliere  is  no  doable  refraction ;  tliis  is,  as  be- 
fore, the  line  of  the  c^ttc  am-s.    The  law  for 
both  rays  can  be  repi-esented  graphically  in 
the  same  way  as  for  negative  crystals.      In 
f.  389,  amb  is  the  direction  of  the  optic  axis; 
let  ma,  mb  represent  the  velocity  of  the  ordin- 
ary ray,  which  corresponds  to  the  least  re- 
fractive  index   {1'548),  the  circle    afbe  will 
express  the  law  for  this  ray,  viz.,  the  velocity 
the  same  in  every  direction.    Moreover,  let 
md,  mc  represent  the  velocity  of  the  extraor- 
dinary 1-ay.  at  right  angles  to  the  axis,  wliich  corresponds  to  tlie  maximum 
refractive  index  (1*558) ;  the  ellipse,  odAo,  will  express  the  law  for  velocity 
of  the  extraordinary  i-ay,  viz ,  least  in  the  direction  md,  and  greatest  in  the 
direction  aj,  when  it  is  equal  to  that  of  the  ordinair  ray,  and  varying 
nuiformly  between  these  limits.     If  the  figure  be  revolved  as  before,  tnere 
will  be  generated  a  sphere,  whose  surface  is  the  wavo-surface  of  the  ordin- 
ary ray,  and  iinthin  it  a  prolate  ellipsoid  whose  surface  represents  the 
vavivsui-face  of  the  extraorainary  ray. 

The  following  list  includ>r2  examples  of  both  classes  of  oniaxial  crystals : 

Negative  ct'yatals  (—),  Positive  crystals  {+), 
Calcite,  CJrartz, 

Tourmaline,  Zircon, 

Corundum,  Hema^te, 

Beryl,  Apophyllite, 

Apatite.  Gassiterite. 

b  may  be  remarked  that  in  some  Species  hoth  +  and  —  varietiee  have 
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been  o1>8erve<L  Certain  crystals  of  apophjUite  are  positive  for  one 
end  of  the  spectram  and  negative  for  the  other,  and  consequently  for  some 
color  between  tlie  two  extremes  it  has  no  double  refraction. 


prindplea  make  the  explanation  of  the  nse  of  tonnnaline  plates  and  oaldte  pilsmt 
M  polarising  inatmmente  (p.  150)  more  intelligible. 

The  two  raj8  into  which  the  single  ray  is  divided  on  passing  through  a  oniazial  orystal  are, 
as  has  been  said,  both  polarised,  the  ordinary  ray  in  a  plane  passing  through  the  vertical 
aids  and  the  extraordinary  ray  perpendicular  to  this.  In  a  tourmaline  plate  of  the  proper 
thickness,  cut  parallel  to  the  axis  c,  the  ordinary  ray  is  absorbed  (for  the  most  part)  and  the 
extraordinary  ray  alone  passes  through,  having  its  vibrations  in  the  direction  of  the  vertical 


In  the  calcite  prism,  of  the  two  refracted  and  polarized  rays,  the  ordinary  ray  is  disposed  of 
artificially  in  the  manner  mentioned  (p.  151),  and  the  extraordinary  ray  alone  passes  through, 
▼ibrating,  as  already  remarked,  in  the  direction  of  the  axis  c,  or,  in  other  words,  of  tiie 
shorter  diagonal  of  the  Nicol  prism. 

The  relation  of  these  phenomena  to  the  molecular  structure  of  the  crystal  is  well  shown 
by  the  effect  of  pressure  upon  a  paralleloplped  of  glass.  Glass,  normally,  exhibits  no  colored 
phenomena  in  polarized  light,  since  the  elasticity  of  the  ether  is  the  same  in  all  directions. 
and  there  is  hence  no  double  refraction.  But  if  the  block  be  placed  under  pressure,  exerted 
on  two  opposite  faces,  the  conditions  are  obviously  changed,  the  density  is  the  same  in  the 
bo4h  lateral  directions  but  differs  from  that  in  the  direction  of  the  axis  of  pressure.  The  sym- 
metiy  in  molecular  structure  becomes  that  of  a  uniaxial  crystal,  and,  as  would  be  exi>ected, 
on  placing  the  block  in  the  polariscope,  a  black  cross  with  its  colored  rings  is  observed,  exactly 
as  with  <»lcite.  Similarly  when  glass  has  been  suddenly  and  unevenly  cooled  its  molecular 
■tractnre  is  not  homoij^eneoas,  and  it  will  be  found  to  polarize  light,  although  the  phenomena, 
for  obvious  reasons,  will  not  have  the  regularity  of  the  case  described. 

It  may  be  added  here  that  recent  investigations  by  Mr.  John  Kerr  have  shown  that  eleotri* 
atjy  oalls  oat  birefringent  phenomena  in  a  block  of  glass.    (Phil.  Mag.,  L,  837.) 


Optical  Investigation  of  Uniaxial  On/atais. 

Sections  normal  or  parallel  to  the  axis  in  polarised  lighL — Suppose  a 
section  to  be  cut  perpendicular  to  the  vertical  axis  (axial  section),  it  has 
already  been  shown  that  a  ray  of  light  passing  through  the  ci'ystal  in  this 
direction  suffers  no  change,  consequently,  such  a  section  examined  in 
parallel  polarized  light,  in  the  instrument  (f .  385),  appears  as  a  section  of 
HD  isometnc  crystal. 

If  the  same  section  be  placed  in  the  other  instrument  (f.  384,  p.  152), 
arranged  for  viewing  the  object  in  converging  light,  or  in  the  tourmaline 
tongs,  a  beautiful  phenomenon  is  observed  ;  a  symmetrical  black  cross — 
when  the  Nicols  or  tourmaline  plates  are  crossed — with  a  series  of  concentric 
rings,  dark  and  light,  in  monochromatic  light,  but  in  white  light,  showing 
tlie  prismatic  colors  in  succession  in  each  ring.  This  is  shown  without  the 
colors  in  f.  390,  the  arrangement  of  the  colors  in  the  elliptical  rings  of  the 
colored  plate  (frontispiece)  is  similar. 

This  cross  becomes  white  when  the  Nicols  or  tourmalines  are  in  a  par* 
allel  {xieition,  and  each  band  of  color  in  white  light  changes  to  its  complo- 
inentary  tint  (f.  391).  These  interference  fiffures  are  seen*  in  this  form 
only  in  a  plate  cut  perpendicular  to  the  vertical  axis,  and  marks  the  unir 
axial  character  of  the  crystal. 

The  explanation  of  this  phenomenon  can  be  only  hinted  at  in  this  place 

»  Uniaxial  crystals  which  nroduce  circular  polarization  exhibit  interference  figures  which 
dlfEer  somewhat  from  those  aeacribed.  Some  anomalies  are  mentioned  on  p.  158.  See  also 
I^  185  et  seq. 
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AH  the  njs  ot  light,  whose  vibrations  coincide  vith  the  vibration-plaiiei 
st  either  of  the  crowed  Nioola,  mnet  neceeearily  be  extinirnisbed.  Tfaii 
gifes  rise  to  the  black  cross  in  the  centre,  with  its  arms  in  the  direction  of 
me  planes  mentioned.  All  other  rava  passing  tlironeh  the  given  plate 
obliiiiiely  will  be  donblv  refracted,  and  after  passing  Uirongh  the  second 
Nicol,  thm  being '  referred   to  the  same  plane  of   polarization,  the;  will 


irderfere,  and  will  give  rise  to  a  series  of  concentric  rings,  light  and  dari 
in  homogeneous  light,  hut  in  ordinary  light  showing  the  successive  colors  of 
thespectrnm.  Ini-egard  to  the  interference  of  poki-ized  rajs,  the  fact  man 
be  stated  that  that  can  take  place  only  when  they  vibrate  in  the  saine  plane ; 
two  rays  vibrating  at  right  angles  to  each  other  cannot  interfere.  These 
interfcrsnce  phenomena  ai'e  similar  to  the  successive  epectra  obtained  by 
diffractiim  gratings  alluded  to  on  p.  139.  It  is  evident  that,  in  older  to 
observe  the  phenomena  nio^t  advantageously,  the  plate  must  have  a  suitable 
thicknees,  which,  howevei-,  varies  with  the  refractive  index  of  the  substance 
The  thicker  the  j'late  the  smaller  the  rings  and  the  more  they  are  ci-owded 
together ;  when  the  thickness  is  considerable,  only  the  black  brushes  ai'e 
Been. 

Section  pa/raUel  {or  sharply  inclined)  to  the  axis. — If  a  section  of  a  uni- 
axial crystal,  cut  parallel  or  inclined  to  the  vertical  axis,  be  examined  in 
parallel  polarized  light,  it  will,  when  its  axis  coincides  with  the  direction 
of  vibration  of  one  of  the  Nicol  prisms,  appear  dark  when  the  prisms  are 
crossed.  If,  however,  it  be  revolved  horizontally  on  the  stage  of  the  polari- 
pcope  (/,  I,  f.  384)  it  will  appear  alternately  dark  and  light  at  intervals  of  45°, 
darii  under  the  conditions  mentioned  above,  otherwise  more  or  less  light,  the 
niaxinmin  of  light  being  obtained  when  the  axis  of  the  section  makes  an 
angle  of  45^  with  the  plane  of  the  Kicol.  Between  parallel  Nicols  the 
rJienomena  ai-e  the  same  except  that  the  light  and  darkness  are  reversed. 
When  the  plate  is  not  too  thick  the  polarized  ray,  after  passing  the  upj)er 
Nicol,  will  intei-fere,  and  in  white  liglit,  the  plate  will  show  bright  colors, 
which  change  as  one  of  the  Nicols  or  the  plate  is  revolved. 

Examined  in  converging  light,  similar  sections,  when  very  thin,  show  in 
white  light  a  series  of  parallel  colored  bands. 

Determination  of  the  indices  of  refraction  u  and  e. — One  prism  will 
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inflhse  for  the  determiDation  of  both  indices  of  refraction,  and  its  edge  may 
bo  either  parallel  or  perpendicular  to  the  vertical  axis. 

(a)  If  parallel  to  the  vertical  axis,  the  angle  of  minimum  deviation  for 
each  ray  in  succession  must  be  measured.  The  extraordinary  ray  vibrates 
parallel  to,  and  the  oj*dinary  mj  at  right  angles  to,  the  direction  ox  the  edge 
of  the  prism.  For  convenience  it  is  better  to  isolate  each  of  the  rays  m 
succession,  which  is  done  with  a  single  Nicol  prism.  If  this  is  hold  before 
the  observing  telescope  with  its  shorter  diagonal  parallel  to  the  refracting 
edge  of  the  prism,  tlie  ordinary  ray  will  be  extinguished  and  the  image  oi 
the  slit  observed  will  be  that  due  to  the  extraordinary  ray.  If  held  with  its 
plane  of  vibration  at  right  angles  to  the  prismatic  edge,  the  extraordinary 
ray  will  be  extinguished  ana  the  other  alone  observed.  Fi-om  the  single 
observed  angle,  for  the  given  color,  the  index  of  refi'action  can  be  calculated, 
<a  or  €,  by  the  formula  given  on  p.  128,  the  angle  of  the  prism  being  known. 

(i)  If  tlie  refracting  edge  or  the  prism  is  pei*pendicular  to  the  vertical 
axis  of  the  crystal,  the  same  procedure  is  necessary,  only  in  this  case  the 
ordinary  ray  will  vibrate  parallel  to  the  prismatic  edge,  and  the  extraordi- 
naiT  ray  at  right  angles  to  it  The  two  rays  are  distinguished,  as  before,  by 
a  ^(icol  prism. 

Determination  of  the  posftive  or  negative  cha/raoter  of  the  dovhle  refrao 
tion, — ^The  most  obvious  way  of  determining  the  character  of  tlie  double 
refraction  («  >  6  or  ©  >  €)  is  to  measure  the  indices  of  refraction  in  accord- 
ance with  the  principles  explained  in  the  preceding  paragraphs.  It  is  not 
always  possible,  however,  to  obtain  a  prism  suitable  for  this  purpose,  and  in 
any  case  it  is  convenient  to  have  a  more  simple  method  of  accomplishing 
the  resnlt. 

To  do  this,  use  may  be  made  of  a  very  simple  principle  : — ^the  4-  or  — 
character  of  a  given  crystal  is  determined  by  observing  the  eflFect  produced 
when  an  axial  section  from  it  is  combined  in  the  polariscope  with  tliat  of  a 
crystal  of  known  character. 

*For  instance,  calcite  is  negative,  and  if  it  be  placed  in  conjunction  with 
the  section  of  a  positive  crystal,  the  whole  effect  observed  is  the  same  as  that 
which  would  be  produced  if  the  original  plate  were  diminished  in  thickness, 
while,  if  combined  with  a  negative  crystal,  it  is  as  if  the  plate  were  made 
thicker.  It  has  already  been  remarked  that,  as  the  axial  plate  of  a  crystal 
increases  in  thickness,  the  number  of  rings  visible  in  the  field  of  the  polari- 
scope increases,  and  they  become  more  crowded  together ;  but,  if  the  section 
is  made  thinner,  the  successive  rings  widen  out  and  become  less  numei*ous. 
One  or  the  other  of  these  effects  is  produced  by  the  use  of  the  intervening 
section. 

In  the  case  of  uniaxial  crystals,  however,  the  method  which  is  practically 
most  simple  is  that  suggested  by  Dove— the  use  of  an  axial  plate  of  mica  of 
a  certain  thickness.  The  section  required  is  a  cleavage  piece  of  such  a 
thickness  that  the  two  rays  in  passing  through  suffer  a  difirerence  of  phase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this. 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendiculai 
to  the  axis,  is  brought  between  the  crossed  Nicols  in  the  polariscope ;  the 
black  cross  and  the  concentric  coloi*ed  rings  are  of  course  visible.  Let  now, 
while  tlie  given  section  occupies  this  position,  the  mica  plate  be  placed  u{>on 
it,  with  the  plane  of  its  optic  axes  (determined  beforehand,  and  the  diiectioD 
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marked  by  a  line  for  convenience)  making  an  angle  of  45°  with  the  vibr» 
tion-planes  of  the  Kicols ;  the  black  ci-obb  disappears  and  there  remain  only 
two  dia^nally  situated  dark  spots  in  the  place  of  it.  Moreover,  the  colored 
curves  in  the  two  quadrants  with  these  spots  are  pushed  farther  away  from 
the  centre  than  the  others.  The  efEect  produced  is  represented  in  f.  392 
wid  f.  393.     If  the  line  joining  these  two  dark  spots  stands  at  right  anglec 


to  the  axial  plane  of  the  mica,  the  crystal  is  positive  (f.  392),  if  this  line 
ooincides  with  the  axial  plane,  tiie  crystal  is  negative  (f.  393).  The  explana- 
tion of  this  off  ■■*  is  not  so  simple  as  to  allow  of  being  introdnccd  here ;  the 
effect  of  the  imcu  is  to  produce  circitlar  polarization  of  the  light  which  it 
transmits. 

Witb  both  oniazLal  uid  biaxial  crjatals  the  Btndent  will  find  it  of  great  sasManoe  alw^jn 
to  huTa  at  his  aide  a  good  sectioii  of  a  potutiTS  and  a  negative  crystal.  Rj  oomparingf  the 
phenomena  observed  in  the  sention  onder  examination  with  thoae  shown  bj  ciystalB  ot  kuown 
chaiact«E,  he  will  often  be  saved  mach  peiplexitj. 

For  the  investigation  of  the  abaorption  j)henomena  of  antaxial  ci^Btala 
lee  p.  165. 

ClSCOLAB    POLABIZATIOS. 

In  what  has  been  said  of  polarized  light,  in  the  preceding  pE^s,  it  has 
been  assiimed  that  a  polarized  ray  was  one  whose  vibrations  took  place  in 
a  single  plane,  so  tliat  tlie  plane  of  polarization  at  ri^ht  angles  to  this  was  a 
fixed  plane.  Such  a  ray  is  said  to  be  linearly  polarized.  There  are  some 
uniaxial  ctystals,  however,  which  liave  the  power  to  rotate  the  plane  of  polari- 
iwtion  ;  the  ray  is  said  to  be  dTcularlij  polaiized.  They  manifest  this  in  the 
phenomena  observed  when  an  axial  section  13  examined  in  the  polariseope. 

An  axial  section  of  a  uniaxial  crystal  normally  exliibits,  in  converging 
polarized  light,  a  black  cross  with  a  series  of  conceuti-ic  colored  circles, 
r.  390,  p.  140.  If,  however,  a  section  of  quartz  be  cut  perpendicular  to  the 
axis  ana  viewed  between  the  crossed  Niuols,  the  phenomena  observed  are 
different  from  tlese: — the  central  portion  of  the  black  croes  has  disap- 
peared, and  instead,  the  space  within  the  inner  ring  is  brilliantly  colored. 
Furthermore,  when  the  analyzing  Nicol  is  revolved,  this  color  changes 
from  blue  to  yellow  to  red,  and  it  is  found  that  in  some  cases  tuii 
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dumge  is  produced  by  reTolving  the  Nicol  to  the  rights  and  in  other  cases 
to  the  left.  To  distinguish  between  these  the  first  are  called  right-handed 
nftating  crystals,  and  the  others  left-handed.  The  relations  here  involved 
will  be  better  understood  if  the  quartz  section  is  viewed  in  parallel  mono- 
chromatic light.  Under  these  circumstances  a  similar  plate  of  calcite 
appears  dark  when  the  Nicols  are  crossed,  but  with  quartz  the  maxirnora 
darkness  is  only  obtained  when  the  analyzer  has  been  revolved  beyond  its 
first  position  a  certain  angle ;  this  angle  increasing  with  the  thickness  of 
tlie  section,  and  also  varying  with  the  color  of  the  nght  employed. 

For  a  section  1  nxm,  tnick  in  red  light,  a  rotation  of  the  analyzer  of  19° 
is  requii-ed  to  produce  the  maximum  darkness.  For  yellow  light  the 
rotation  is  24°  with  a  plate  of  the  same  thickness ;  with  blue,  32°,  and  so  on. 
The  rotation  of  the  analyzer  with  some  crystals  is  to  the  right,  with  others 
to  the  left. 

The  explanation  of  these  facts  lies  in  the  fact  stated  above,  that  the 
qnartz  rotates  the  plane  of  vibration  of  the  polarized  light,  and  the  angle  of 
rotation  is  different  for  lays  of  different  wave-lengths.  Furthermore,  this 
rotation  of  the  plane  of  vibration  results  from  tlie  ract  that  in  quartz,  even 
in  the  direction  of  its  axis,  double  refraction  takes  place.  The  oscillations 
of  the  particles  of  ether  take  place  not  in  straight  lines  but  in  circles,  and 
they  move  in  opposite  directions  for  the  two  rays,  ordinary  and  extraor- 
dinary. 

An  axial  section  of  a  quartz  crystal  can  never  appear  dark  between 
crossed  Kicols  in  ordinary  h'ght,  since  there  is  no  point  at  which  all  the 
colors  are  extinguished ;  on  the  contrary,  it  appears  highly  colored.  The 
color  depends  upon  the  thickness  of  the  section,  and  is  the  same  as  that 
observed  in  the  centres  of  the  rines  in  converging  polarized  light.  If  sec- 
tions of  a  right-handed  and  left-handed  crystal  are  placed  together  in  the 
polariscope,  the  centre  of  the  interference  figure  is  occupied  with  a  four- 
rayed  spiral  curve,  called  from  the  discoverer  Airy's  spiral.  Twins  of 
quartz  crystals  are  not  uncommon,  consisting  of  the  combination  of  right- 
and  left-handed  individual,  which  sometimes  show  the  spirals  of  Airy. 

It  is  a  remarkable  fact,  discovered  by  Herechel,  that  the  right-  or  left- 
handed  optical  character  of  quartz  is  often  indicated  by  the  position  of  the 
trapezohedral  planes  on  the  crystals.  When  a  given  trapezohedral  plane 
appears  as  a  modification  of  the  prism,  to  the  right  above  and  left  below, 
the  crystal  is  optically  righirhanded  /  if  to  the  left  above  and  right  below, 
the  crystal  is  left-haruled.  In  f .  394  the  plane  is,  as  last  remarked,  left  above 
and  right  below,  and  the  crystal  is  hence  left-handed.  Cinnabar  has  been 
shown  by  Des  Cloizeaux  to  possess  the  same  property  as  quartz;  and  this  is 
tnie  also  of  some  artificial  salts,  also  solutions  or  sugar,  etc. 

In  twins  of  quartz,  the  coniponent  parts  may  be  both  right-handed  or 
both  left-handed  (as  in  those  or  Dauphiny  and  the  Swiss  Alps) ;  or  one  may 
be  of  one  kind  and  the  other  of  the  other.  Moreover,  successive  layers  of 
deposition  (made  as  the  crystal  went  on  enlarging,  and  often  exceedingly 
thin^  are  sometimes  alternately  right-  and  left-handed,  showing  a  constant 
oscillation  of  polarity  in  the  course  of  its  formation  ;  and,  when  this  is  the 
case,  and  the  layers  are  regula/r^  cross-sections,  examined  by  polarized  light, 
exliibit  a  division,  more  or  less  perfect,  into  sectors  of  120  ,  parallel  to  the 
plane    f ,  or  intc  sectors  of  60°.     If  the  *  layers  are  of  unequal  thicknesa 
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there  are  broad  ai-eaa  of  colors  without  sectors.     In  t.  395  (by  Dea  Cloizefttit, 
from  a  crystal  from  the  Dept.  of  the  Aude],  half  of  eat^  sector  of  60°  il 


right-haaded,  and  the  other  half  left  (as  ehown  by  the  arrowB),  and  the  dark 
radii  are  nentral  bands  produced  by  the  overlapping  of  layers  of  the  two 
kinds.  These  overlapping  portions  often  exhibit  the  phenomenon  of  Airy'e 
Bpiral. 

C.  Biaxial  Cbystals. 

General  Optical  Character. 

As  in  the  crystalline  systems,  thus  far  considered,  so  also  in  the  anisome- 
trie  systems,  the  orthorhombic,  monnclinic,  and  triclinic,  there  is  a  strict  corre- 
spondence between  the  molecular  structHre,as  exhibited  in  the  geometrical 
form  of  the  crystals,  and  their  optical  properties.  In  the  cryBtals  of  these 
Bvst«ine  there  is  no  longer  one  axis  around  about  which  the  elasticity  of  the 
light-ether,  rhat  is,  the  velocity  of  the  light,  is  everywhere  alike.  On  the 
contrary,  the  relations  are  much  less  simple,  and  less  easy  to  comprehend. 
There  are  two  directions  in  which  tlie  light  passt-s  thro\igh  the  crystal 
without  double  refraction — these  are  called  the  optic  aaea,  and  hence  the 
crystals  are  biaxial — bat  in  every  other  direction  a  ray  of  light  is  separated 
into  two  rays,  polarized  at  liglit  angles  to 
_  each  other.    Neither  of  these  conforms  to 

the  law  of  simple  refraction.     The  subject 
was  first  developed  theoretically  by  Fresiiel, 
>  and  his  conclusions  have  since  been    fully 

"^  verified  by  experiment. 

•—A        Axes   of  elasticity. — In    regard    to    the 

elasticity  of  the  ether  in  a  biaxial  crystal 
there  are  (1)  a  inaximnm  value,  (2)  a 
minimum  value,  and  (3)  a  mean  value,  and 
these  values  in  the  crystal  are  found  in 
directions  at  right  angles  to  each  otlier. 
In  f.  896,  C<7  represents  the  axis  (r)  of  least  elasticity,  AA'  of  greateet 
elasticity  (a),  and  B£'  of  mean  elasticity  (b).     A  ray  passing  in  the  direo 
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tloK  CG'  TibrateB  in  a  plane  at  i-ight  angles,  that  is,  parallel  to  BB'  wat 
A  A'.  Similarly  for  the  ray  BB'  the  TibrationB  are  parallel  to  AA'  and 
GC,  and  for  the  ray  AA'  parallel  to  BB'  and  CC.  Between  these 
extreme  values  of  the  axes  of  eiasttuity,  the  elnsticity  varies  according  to  a 
regular  law,  as  will  be  seen  in  the  following  discussion.  The  fonn  of  the 
wave-snrface  for  a  biaxial  crystal  may  be  determined  by  fixing  its  form 
for  the  planes  of  the  axes  a,  b,  and  f . 

Wav«-»tirface.—F\nt  consider  the  case  of  rays  in  the  plane  of  the  axca 
BB'  and  CC  (f.  897V  A  ray  pass- 
ing in  the  direction  BB'  is  separated  897 
into  two  setBof  vibratione,  one  paral- 
lel to  AA',  correspond iiig  to  the 
greatest  elasticity,  moving  more 
nipidlv  than  the  other  set,  parallel 
to  CO\  which  correspond  to  the 
least  elasticity,  Tlie  velocities  of  the 
two  seta  of  vibrations  are  made  pro- 
portional to  the  lengths  of  the  lines 

mn,  and  mo  respectively,  in  f.  397.  r 

Again,  for  a  ray  in  the  same  plane, 
parallel  to  CCf'y  the  vibrations  are 
(I)  parallel  to  AA',  and  .propagated 
faster  (greatest  elasticity)  than  the 
other  set;  (2)  parallel  to  BB'  (mean 
elasticity).  Again,  in  f.  397,  on  the 
line  OC,  mn",  and  mq"  are  made 
proportional  to  these  two  velocities; 
Iiere  mn  =  mn",  and  for  a  ray  in  the 

same  plane  in  any  other  dii'ection,  there  will  be  one  set  of  vibrations 
parallel  to  AA',  with  the  same  velocity  as  before,  and  another  set  at  right 
angles  with  a  velocity  between  jtw  and  my",  determined  by  the  ellipse 
whose  semi-axes  are  proportional  to  the 
mean  and  least  axes  of  elasticity.  8M 

Fig.  397  then  represents  the  sectttm  of 
the  wave-surface  through  the  axes  CC 
aud  BB'.  The  circle  nn"  shows  the 
tuustant  velocity  for  all  vibrations  par- 
allel to  AA',  and  the  ellipse  the  variable 
values  of  the  velocity  for  the  other  set  of 
vibrations  at  right  angles  to  the  first. 

Again,  for  a  ray  lu  the  plane  AA', 
BB ,  tlie  method  of  the  construction 
is  similar.  The  vibrations  will  in  every 
case  take  place  in  the  plane  at  right 
angles  to  the  direction  of  the  ray,  which 
pkne  must  always  pass  through  the  axis 
OC  of  least  elasticity.  Hence  for  every 
direction  of  the  ray  in  the  plane  men- 
tioned, one  set  of  vibrations  will  alwayi 
be  parallel  to  CC,  and  hence   be   propagated  with  a   constant  vi^'ooitj 
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=  mo',  f.  S98),  and  hence  this  is  expressed  bj  tlie  cirele  oo'.  The  other  sd 
of  vibrations  ivill  be  at  right  angles  to  CC\  and  the  velocity  with  which 
they  are  propagated  will  vary  according  as  they  are  parallel  to  AA' 
1=  mn,  f.  398),  or  parallel  to  BB'  (—  "ij  j,  or  some  intermediate  value  for 
an  intermediate  position.  The  section  of  the  wave-surface  is  consequently 
a  circle  within  an  ellipse. 

Finally,  lei  theraypaas  in  Boraedirection  in  the  plane  C'C,  AA',ot  least  and 

greatest  elasticity,  Uie  section  of  the  wave-sarface  is  also  a  circle  and  ellipse. 

Snppose  the  ray  passes  in  the  direction 

^*'  parallel  to  AA',  the  vibrations  will  be 

(1)  parallel  to  CO,  and  (2)  parallel  to 

£B\  those  (1)  parallel  to  C'C"  (least  axia 

of  elasticity)  ai-e  propagated  more  slowly 

than  those  (2)  parallel  to  SJi'  (axis  of 

mean  elasticity).     In  f.  399,  on  the  line 

AA',  lay  off  too'  and  m^'  proportional  to 

these  two  values. 

Again,  for  a  ray  parallel  to  CC  the 

vibrations  will  take  place  (1)  parallel  to 

AA',  and  (2)  parallel  to  J3B',  tlie  former 

wiU  be  propagated  witli  greater  velocity 

than  those  latter.     These  two  values  of 

the  velocity  in   tJie   direction    C'C"   are 

represented  by  mn"  and  mq"  (=  m^). 

For  any  intermediate  position  of  the  ray 

in  the  same  plane  there  will  always  be 

one  set  of   vibrations  parallel   to  JiJf 

■  (my'  =  mq'\  f.  399,  hence  the  circle).     The  other  set  at  right  angles  to  these 

will  be  propagated  with  a  velocity  va- 

**  Tying  according  to  the  direction,  from 

that  corresponding  to  tlie   least  axis 

of  elasticity  (represented  by  7no',  f.  399), 

to  that  of  the  greatest  axis  of  elasticity 

Optic  axes. — It  is  seen  that  the  cir- 
cle, representing  the  uniform  velocity 
of  vibrations  parallel  to  b,  and  the 
ellipse  representing  the  varying  value 
of  the  velocity  for  the  vibrations  at 
right  angles  to  these,  intersect  one  aii- 
o&er  at  P,  P',  f.  399.  The  obvious 
meaning  of  this  fact  is  that,  for  the 
directions  mP,  and  mP',  making 
equal  angles  with  the  axis  CC,  tlie 
velocity  is  the  same  for  both  sets  of 
vibrations;  these  are  not  separated 
from  each  other,  the  ray  is  not  doviUf 
refractedf  and  rwt  polarUed. 
Tlicio  two  directions  are  called  the  optio  axes.  All  aii'soinetric  cr^  stnll 
have,  as  has  been  stated,  two  optic  axes,  and  are  hence  calWd  biatciai. 
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The  complete  wave-sarface  of  a  biaxial  crystal  is  constmcted  from  the 
three  sections  given  in  f.  397,  398,  399.  It  is  shown  graphically  in  f.  400, 
where  the  lines  PP^  and  P  P'  are  the  two  optic  axes. 

Biaectriceay  or  Mean-lines, — As  shown  in  f .  399,  tlie  optic  axes  always  IJe 
in  the  plane  of  greatest  (a)  and  least  (c)  elasticity,  and  the  valne  of  the  optic 
Bsial  angle  is  known  when  the  axes  of  elastici^  are  given  as  stated  beiow. 
The  axis  of  elasticity  which,  as  the  line  CG\  i.  399,  oieects  the  acute  angle 
is  called  the  acute  bisect^nx^  orjwBt  mean-line  (erste  Mittellinie,  Genn.\  and 
that  bisecting  tho  obtnse  angle,  the  ohtuae  bisectrix,  or  second  mea>n-Une 
(zweite  Mittellinie,  Gerrn.). 

Positive  and  negative  crystals* — ^When  the  acute  bisectrix  is  the  axis  of 
least  elasticity  (c),  it  is  said  to  be  positive,  and  when  it  is  the  axis  of  greatest 
(a)  elasticity,  it  is  said  to  be  negative.    IBarite  is  positive,  mica  negative. 

Indices  of  refraction. — It  has  been  seen  that  in  uniaxial  crystals  there 
are  two  extreme  values  for  the  velocity  with  which  light  is  propagated,  and 
corresponding  to  them,  and  inversely  proportional  to  them,  two  mdices  of 
refraction.  Similarly  for  biaxial  crystals,  where  there  are  three  axes  of  elasti- 
city, there  are  three  indices  of  refraction — a  maximum  index  a,  a  minimum  7, 
and  a  mean  value  )8 ;  a  is  the  index  for  the  rnys  pi*opagated  at  right  angles 
to  a,  but  vibrating  parallel  to  a ;  /S  is  the  index  for  rays  propagated  perpen- 
dicularly to  b)  by  vibrations  parallel  to  b ;  7  is  the  ind^x  for  rays  propagated 

111 
perpendicularly  to  c,  but  vibrating  parallel  to  c.    a  =  — ,  )8  =  -,  7  =  -. 

0         b  c 

If  a,  fij  and  7  are  known,  the  value  of  the  optic  axial  angle  (2  V)  can  be 
calculated  f i*om  them  by  the  following  formula : 


cos  V 


Dispersion  of  the  ovtic  axes. — It  is  obvious  that  the  three  indices  ol 
refraction  may  have  different  values  for  tlie  different  colors,  and  as  tlie  angle 
of  the  optic  axes,  as  explained  in  the  last  paragraph,  is  determined  by  these 
three  vailues,  the  axial  angle  will  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  rays  of  different  wave 
lengths  is  called  the  dispersion  of  the  axes,  and  the  two  jx)S8ible  cases  are 
distinguished  by  writing  p  >  v  when  the  angle  for  the  red  rays  (p)  is  greater 
than  tor  the  blue  (violet,  v),  and  p  <  v  when  the  revei-se  is  true. 

In  the  properties  thus  far  mentioned,  the  three  systems  are  alike ;  in 
details,  however,  they  differ  widely. 

Practical  Investigation  of  Biaxial  Crystals. 

Interference  figures. — A  -section  cut  perpendicular  to  either  axis  wiB 
show,  in  converging  polarized  light,  a  system  of  concentric  rays  analogous 
to  those  of  uniaxial  crystals,  f.  890,  but  more  or  less  elliptical  There  is, 
moreover,  no  black  cross,  but  a  single  bhick  line,  which  changes  its  poBiti0D 
as  the  Kicols  are  revolved. 
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If  A  section  of  a  biaxial  cryBtal,  cot  perpendicolarlj  to  the  Sret,  that  ii 
acnte,  biBcctrix,  ia  viewed  in  the  polariacope,  a  different  phenomenon  is 
observed. 

Tliere  are  seen  in  this  case,  snppoeing  tlie  plane  of  the  axes  to  make  an  anglo 
of  46°  with  the  planes  of  polarization  of  the  crossed  Nicola,  two  blaclt  Iiyi>er- 
b->la8,  marking  the  position  of  tho  axes,  a  series  of  elliptical  curves  surnmiid- 
ing  the  two  centres  and  finally  uniting,  forming  a  series  of  lentnisL-atee. 
If  monochromatic  light  is  employed,  the  rings  are  alternately  lig:ht  and 
dark ;  if  white  light,  each  ring  shows  the  sncceesive  colore  of  the  spccti'uiu. 
If  one  of  the  Nicol  prisms  be  revolved,  the  dark  hyperbolic  brnshes  gi-adii- 
ally  become  white,  and  the  colors  of  tlie  rings  take  me  complementary  tints 
after  a  revolution  of  90°.  Since  the  black  hyperbolic  brushes  mark  the 
position  of  the  opdc  axes,  the  smaller  the  axial  angle  the  nearer  togetlier 
are  the  hyperbolas,  and  when  the  angle  is  very  small,  the  axial  figme 


observed  closely  resembles  the  siTiiple  cross  of  a  uniaxial  crystal.  On  the 
other  hand,  when  the  axial  angle  is  lacgc  the  hyperbolas  arc  far  apart,  and 
m^Qven  be  so  far  apart  aa  to  be  invisible  in  the  field  of  the  polariscope. 

When  the  plane  of  the  axes  coincides  with  the  plane  ot  vibration  foi 
either  Nicol,  these  being  crossed,  an  nnsyinmetricai  black  cr.«8  is  oliserved, 
and  also  a  series  of  elliptical  curves.  Both  these  figures  are  well  exhibited 
on  tlie  frontispiece;  the  one  gradually  changes  into  the  other  as  the 
crystal -section  is  revolved  in  the  horizontal  plane,  the  Nicols  remaimng 
stationary. 

A  section  oE  a  biaxial  crystal  cnt  perpendicular  to  the  obtuse  bisectrix 
will  exhibit  the  same  figures  under  the  same  conditions  in  polarized  light, 
when  the  angle  is  not  too  large.  This  ia,  however,  generally  the  case,  and 
in  consequence  the  axes  suffer  total  reaction  on  tne  inner  surface  of  the 
■ection,  and  no  axial  figures  are  visible.     This  is  sometimee  the  case  also 


OFnOAL  OHABACrrBBS  OF  BIAXIAL  OBYBTALS. 


U9 


403 


with  a  section  cut  normal  to  the  acnte  bisectrix,  when  the  angle  is  large. 
A  micrometer  scale  in  the  polariscope,  f .  384,  allows  of  an  approximate 
meaBurement  of  the  axial  angle ;  the  valae  of  each  division  or  the  scale 
being  known. 

Measurement  of  the  axial  avgle.* — The  determination  of  the  angle  made 
by  the  optic  axes  is  of  the  highest  importance,  and  the  method  of  proce- 
dure offers  no  great  difficulties.  Fig.  401  shows  the  instrument  recom- 
mended for  this  purpose  by  DcsCioizeaux ;  its  general  features  will  be 
understood  without  detailed  description ;  some  improvements  have  been 
introduced  by  Q-roth,  which  make  me  instrument  more  accurate  and  con- 
venient of  use.  The  section  of  the  crystal,  cut  at  right  aiigles  to  the  bisec- 
trix, is  held  in  the  pincers  at  c^  with  the  plane  of  tlie  axes  horizontalj 
making  an  angle  of  45**  with  the  plane  of  vibration  of  the  Nicols  {NW\ 
There  is  a  cross- wire  in  the  focus  of  the  eye-piece,  and  as  the  pincers  hola« 
ing  the  section  are  turned  by  the  screw  /^  one  of  the  axes,  that  is  one  black 
hyperbola,  is  brought  in  coincidence  with 
the  vertical  cross-wire,  and  then,  by  a 
f  uitlier  revolution  of  -^  the  second.  The 
angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off 
at  the  vernier  H^  on  the  graduated  circle 
abiivc,  is  the  a/ppa/rent  angle  for  the  axes 
of  the  given  crystal  as  seen  in  the  air 
{aca^  f.  402).  Jt  is  only  the  apparent 
angle,  for,  owing  to  the  reflection  suffered 
on  p.'vssing  from  the  section  of  the  crystal 
to  tlio  air,  the  true  axial  angle  is  more  oi 
less  increased,  according  to  the  refractive 
index  of  the  given  crystal. 

This  being  undei-stood,  the  fact  already 
stated  is  readily  intelligible,  that  when  the  axial  angle  exceeds  a  certain 
limit,  the  axes  will  suffer  total  reflection  (p.  128),  and  they  will  be  no  longer 
visible  at  all.  When  this  is  the  case,  oilf  or  some  other  medium  with  high 
refi-active  power  is  made  use  of,  into  which  the  axes  pass  when  no  longer 
visible  in  the  air.  In  the  instrument  described  a  small  receptacle  holding 
the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the  pincera 
holding  the  section  are  immei*sed  in  this,  and  the  angle  measured  as  before. 

Ii:  the  majority  of  cases  it  is  only  the  acnte  axial  angle  that  it  is  practi- 
cable to  measure ;  but  sometimes,  especfally  when  oil  is  made  use  of,  the 
obtuse  angle  can  also  be  determined  from  a  second  section  normal  to  the 
ubtuse  bisectrix. 


If 


E 

v. 
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the  apparent  semi-axial  angle  in  air  (f.  402). 
the  apparent  semi-acute  angle  in  oil. 

"        •«  «    obtuse    "     "    " 

the  real  (or  interior)  semi-acute  angle  (f.  402), 

''    "      ''        "         semi-obtuse    "     (f .  402). 
index  of  refraction  for  the  oil. 
the  mean  refractive  index  for  the  given  crystallized  substance. 


•  See  further  on  p.  180. 

t  Almond  oil,  which  has  been  decolorized  by  exposure  to  the  light,  is  commonly  employed. 
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sin  ^^  =  n  sin  £1 ;  sin  T^  =  ^  sin  ff^;  sin  F©  =  -5  sin  JT^. 

These  formulas  give  the  tnie  interior  angle  from  the  measured  apj  areiit 
angle  when  the  mean  refractive  index  (/S)  is  known. 

li;  however,  it  is  possible  to  measure  both  the  acute  and  obtuse  appai*ent 
angles,  the  true  angle,  and  also  the  value  of  )8,  can  be  determined  from 
them.    For  sin  F^  =  cos  F«,  hence : 

^        sin  Ha     r>  Bin  5i  sin  Ho       sin  jF 

sm  Ho  Bm  V^         cos  K.       sm  F. 

In  measuring  this  angle,  if  white  light  is  employed,  the  colors  being 
separated,  the  position  01  the  hyperbolas  is  a  little  uncertain ;  hence  it  is 
always  important  to  measure  the  angle  for  monochromatic  light,  red  and 
yellow  ana  blue  particularly.  This  is  especially  essential  whei*e  the  disper- 
sion of  the  axes  is  considerable. 

Determination  of  the  indices  of  refraction* — The  values  of  the  three 
indices  of  refraction,  a,  )8,  7,  for  biaxial  crystals,  may  be  determined  fi-oni 
three  prisms  cut  with  their  refracting  ed^es  parallel  respectively  to  the 
tliree  axes  of  elasticity  a,  b,  and  c.  In  eaiui  case,  after  the  angle  of  the 
prism  has  been  measured,  the  auj^le  of  minimum  deviation  must  be  meas- 
ured for  that  one  of  the  two  refracted  rays  whose  vibiations  ai*e  parallel 
to  the  edge  of  the  prism  ;  the  formula  of  p.  128  is  then  employed. 

It  is  possible,  however,  to  obtain  the  values  of  a,  /8,  and  7  with  two 
prisms ;  in  this  case  one  of  the  prisms  must  bo  so  made  that  its  vertical  edge 
18  parallel  to  one  axis  of  elasticity,  while  the  line  bisecting  its  refracting 
angle  at  this  edge  is  parallel  to  a  second.  In  the  case  of  such  a  prism  the 
minimum  deviation  of  the  ray  is  obtained  for  both  rays,  that  having  its 
vibrations  parallel  to  the  prism-edge,  and  that  vibrating  at  right  angles  to 
this,  that  is  parallel  to  the  bisector  of  the  prismatic  angle. 

Of  the  three  indices  of  refraction,  /8  is  one  which  it  is  most  important  to 
determine,  since  by  means  of  it,  in  accordance  with  the  above  formulas, 
the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 
in  air.  The  prism  to  give  the  value  of  fi  should  obviously  have  its  refract- 
ing edge  parallel  to  the  mean  axis  of  elasticity  b,  that  is  at  right  angles  to 
the  plane  of  the  optic  axes. 

JJetermination  of  the  positive  or  negative  character  of  biaxial  crystals. 
— ^The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  indices  of  refraction,  where  these  can  be 
obtained.  If  c,  the  axis  of  least  elasticity,  is  the  acute  bisectrix,  the  crystal 
is  optically  positive  /  if  a,  the  axis  of  greatest  elasticity,  is  the  acute  bisec- 
trix, the  cryst-al  is  optically  negative ;  in  the  former  case  the  value  of  b  is 
nearer  that  of  c  than  of  a,  in  the  second  case  the  reverse  of  this  is  true. 

There  is,  however,  a  more  simple  method  of  solving  the  problem,  as  was 
remarked  also  iu  regard  to  uniaxial  crystals.     The  methods  are  similar. 

The  quarter-undulation  mica  plate  may  be  employed  just  as  with  uniaxial 
crystals,  but  its  use  is  not  very  satisfactory  exceptiuff  when  the  axial  diver- 
gence is  quite  small.     In  tliis  case  it  can  be  employed  to  advantage,  tlie 

*  See  farther  on  pp.  177  et  seq. 
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plane  of  the  axes  of  the  crrstal  investigated  being  made  to  coincide  with 
the  vibratiou-plaue  of  one  oi  the  Nicols.  The  more  general*  method  is  the 
employment  of  a  wedge-shaped  piece  of  qaartz ;  this  is  so  cut  that  one  sur- 
face coincides  with  the  direction  of  the  vertical  axis,  and  the  other  makes 
an  angle  of  4^  to  6°  with  it  By  this  means  a  section  of  varying  thickness  is 
obtained.  The  section  to  be  examined  normal  to  the  acute  bisectrix  is 
brought  between  the  crossed  Nicols  of  the  polariscope  (f .  3^4),  and  with  its 
axial  plane  making  an  angle  of  45°  with  the  polarization-plane  of  the 
Nicol  prisms ;  that  is,  so  that  tlie  black  hyperbolas  are  visible.  The  quartz 
wedge  is  now  introduced  slowly  between  the  section  examined  and  the 
analyzer ;  in  the  instrument  figured  a  slit  above  gives  an  opportunitv  to 
insert  it.  The  quartz  section  is  introduced  first,  m  a  direction  at  right 
angles  to  the  axial  plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the 

Slate  investigated ;  and  second,  parallel  to  the  axial  plane,  that  is,  in  the 
irection  of  the  line  joining  the  hyperbolas.  In  one  direction  or  the  other 
it  will  be  seen,  when  the  proper  thickness  of  the  quartz  wedge  is  reached, 
that  the  central  rings  appear  to  increase  in  diameter,  at  the  same  time 
advancing  fi*om  the  centre  to  the  extremities. 

The  effect,  in  other  words,  is  that  which  would  have  been  produced  by 
the  thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the 
first  case  when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is 
to  the  obtuse  bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite 
sign  to  the  (quartz,  that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute 
bisectrix  positive.  If  the  mentioned  change  in  tlie  interference  figures 
takes  place  when  the  axis  of  the  quartz  is  at  right  angles  to  the  axial  plane, 
then  obviously  the  opposite  must  be  true  and  the  acute  bisectrix  is  negative. 

The  same  effect  may  be  obtained  by  bringing  an  ordinary  quartz  section 
of  greater  or  less  thickness,  cut  normal  to  the  axis,  between  the  analyzer  and 
the  crystal  examined,  and  then  inclining  it,  first  in  the  direction  of  the 
axial  plane,  and  again  at  right  angles  to  it.  The  method  of  investigation 
with  the  quartz  wedge  can  be  applied  even  in  those  cases  where  tlie  axial 
angle  is  too  large  to  appear  in  the  air. 

For  the  investigation  of  the  absorption  phenomena  of  biaxial  crystals, 
Bcc  p.  165. 

DiSTDieUIBHING  OPTICAL  OHABACTBBS  OF  OBTHOBHOMBIC  GBTSTALS. 

In  the  Orthorhomhic  System^  in  accordance  with  the  symmetry  of  the 
crystallization,  the  three  axes  of  elasticity  coincide  with  the  three  crystallo- 
graphic  axes.  Further  than  this,  thei'e  is  no  immediate  relation  between 
the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as  has  been 
stated,  the  choiue  of  the  crystallographic  axes  is  arbitrary,  and  has  been 
made,  in  most  cases,  without  reference  to  the  optical  character. 

Schrauf  has  proposed  that  the  crystallographic  vertical  axis  {i\  should  be 
always  made  to  coincide  with  the  acute  bisectrix,  which  would  be  very 
desirable,  especially,  as  urged  by  him,  in  showing  the  true  relations  between 
the  orthorLombic  and  hexagonal  systems.  Of  course,  this  suggestion  can 
be  carried  out  only  .n  those  species  in  which  the  optical  chai*acter  is  known. 

Boliiaiif  (PhyB.  Min.,  p.  802,  d03)  has  diown  there  is  a  doee  analogy  between  oertala 
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fyrthorbombio  cxyatals  whose  prUimatio  angle  is  near  120^  (oompore  xemarks  on  twins,  p.  96) 
ond  the  crystaU  of  the  hexagonal  ayBtem.  With  these  the  acute  bisectrix  is  uniformly  puallel 
to  the  prismatic  edge,  and  normal  to  the  six-sided  basal  plane,  analogous  to  the  one  optic  axis  o£ 
true  hexagonal  forms.  Moreover,  he  shows  that  the  neater  the  prismatic  angle  approadies 
120**,  the  less  the  difference  between  the  three  axes  of  elasticity,  and  the  nearer  the  approadi 
to  the  uniaxial  character. 

By  the  combination  of  thin  plates  of  a  biaxial  mica  optical  phenomena  may,  under  some 
conditions,  be  observed  in  polarised  light  which  are  similar  to  thoae  shown  by  uniaxial  crys- 
tals. Similarly  twins  of  chrysoberyl  (p.  97)  have  been  described  which  in  spots  gave  the 
axial  image  of  uniaxial  crystals.  This  subject  has  been  investigated  by  Beusch  (Pogg. 
oxxxvi.,  626,  637, 1869),  and  later  by  Cooke  (Am.  Aoad.  Sd.,  Boston,  p,  35,  1874). 

Praotical  Optiml  InvesHgtUion  of  Orthorhornbic  ChystaU, 

Determination  of  the  plane  of  the  optic  axes, — The  position  of  the 
three  axes  of  elasticity  in  aii  ortliorhombic  crystal  is  always  known,  since 
they  must  coincide  with  the  crystallographic  axes ;  bnt  the  plane  of  the  optic 
axesy  that  is,  of  the  axes  of  greatest  (a)  and  least  (c)  elasticity,  must  in  each 
case  be  determined.  This  plane  will  be  parallel  to  one  of  tne  three  diame- 
tral or  pinacoid  planes.  In  order  to  determine  in  which  the  axes  lie,  it  ia 
necessary  to  cut  sections  parallel  to  these  three  directions  ;  one  of  these  three 
sections  will  in  all  ordinary  cases  show,  in  converging  polarized  light,  the 
interference  figures  peculiar  to  biaxial  crystals.  It  is  evident,  too,  that  two 
of  the  three  sections  named  determine  the  character  of  the  third,  so  that 
the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix  can  be  in 
practice  generally  told  from  them. 

Measureme7it  of  the  axial  angle^  p  5.  ^. — From  the  section  showing  the 
axial  figures,  that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be 
measured  in  the  manner  which  has  been  described  (p.  149).  If  it  is  prac- 
ticable to  determine  also  the  obtuse  axial  angle,  from  a  second  section  nor- 
mal to  the  obtuse  bisectrix,  it  will  be  possible  to  calculate  the  true  axial 
angle  fi'om  these  data,  and  also  the  mean  index  of  i*efraction  (/3). 

l?here  is  further  to  be  determined  the  dispersion  of  the  axes.    Whether 

the  axial  angle  for  red  rays  is  greater  or 

408  less  than  for  blue  (p  >  v,oy  p  <  v)  can  be 

b'  seen  immediately  from  the  figure  of  the 

^.  i  ^  axes,  as  in  f.  la,  IJ,  in  the  colored  plate, 

•v  \         {         /  yv*  (frontispiece).    It  is  obviously  tnie  in  this 

\A      i       /X  case,  from  f .  la,  as  also  f .  1&,  that  the  angle 

\\    I     //  for  the  blue  rays  is  greater  than  that  for 

^\  I /^  the  red  (p  <  v)^  and  so  in  ^neral.     This 

B* -^^^ ^B«     same  point  is  also  accurately  determined, 

^^jV.  of  course,  by  the  measured  angle  for  the 

yy    I    ys^^  two  monochromatic  colors. 

y//     \     V\  In  all  cases  the  same  line  will  be  the 

/    /        j       \  \  bisectrix  of  the  axial  angle  for  both  bine 

^^  L         \         \  ^  *^°^  ^^^  ^y®'  ^  ^^^^  ^^®  position  of  the 

ai  respective  axes  is  symmetrical  with  refer- 

ence to  the  bisectrix.  In  f .  403,  the  dis- 
persion of  the  axes  is  illustrated,  where  p  <  v;  it  is  shown  also  that  the 
lines,  ^  J?^  and  J?*^,  bisect  the  angles  of  both  red  (fiOp)  and  blue 
(vOv")  rays.    It  also  needs  no  fuither  explanation  that  for  a  certain  relation 
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yt  the  refractive  indices  of  the  different  colors,  the  acnte  bisectrix  of  the 
axial  angle  for  red  rays  may  be  the  obtuse  bisectrix  for  the  angle  for  blue 
rays. 

Indices  of  refraction^  etc. — The  determination  of  the  indices  of  refi'ac- 
tion  and  the  character  (+  or  — )  of  the  acute  bisectrix  is  made  for  ortho- 
rhombic  crystals  in  the  same  way  as  for  all  biaxial  crystals  (p.  150).  It  is 
merely  to  be  mentioned  that,  since  the  axes  of  elasticity  always  coincide 
with  ^e  crystallographic  axes,  it  will  happen  not  infi-eqnently  that  crystals 
without  artificial  preparation  will  furnish,  in  their  prismatic  or  dome  series, 
prisms  whose  edges  are  parallel  to  the  axes  of  elasticity,  and  consec^uently 
at  once  suitable  tor  the  determination  of  the  indices  of  refraction. 
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I^oeition  of  the  axes  of  elasticity, — In  crystals  belonging  to  the  mono- 
dinic  system  one  of  the  axes  of  elafiticity  always  coincides  with  the  ortho- 
diagonal  axis  hy  and  the  other  two  lie  in  the  plane  of  symmetry  at  right 
an^es  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  c,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corresponding  to  these  three  positions  of  the  axes  of  elasticity,  there  may 
occur  three  kinds  of  dispersion  of  these  axes,  or  dispersion  of  tne  bisectrices. 
This  dispersion  arises  from  the  fact  that,  while  the  |>03ition  of  one  axis  of 
elasticity  is  always  fixed,  the  position  of  the  other  two  is  indeterminate  and 
for  the  same  crystal  may  be  different  for  the  different  colors,  so  that  the 
bisectrices  of  the  different  colora  may  not  coincide. 

Dispersion  of  the  bisectrices. — 1.  The  bisectrices,  that  is,  the  axes  of 
greatest  and  least  elasticity,  lie  in  the  plane  of  sym- 
metry*, while  the  orthodiagonal  axis  b  coincides  with  b. 
The  optic  axes  here  suffer  a  dispersion  in  this  plane 
of  symmetry,  and,  as  already  stated,  they  do  not  lie 
Bvmmetrically  with  reference  to  the  acute  bisectrix. 
This  is  illusti-ated  in  f.  404,  where  JfMis  the  bisec- 
trix for  the  angle,  vOv\  and  B£  for  the  angle  pOp\ 
This  kind  of  dispersion  is  called  by  DesCloizeaux 
indined  (dispersion  inclin^e). 

2.  The  second  case  is  that  where  the  plane  of  the 
optic  axes  is  perpendicular  to  the  plane  of  symmetry, 
and  the  acute  bisectrix  stands  at  right  angles  to  the 
orthodiagonal  axis  b.  In  other  words,  the  acute 
bisectrix  and  the  axis  of  mean  elasticity  both  lie  in 
the  plane  of  symmetry.  In  this  case  also  dispersion 
of  tlie  axes  may  take  place,  and  in  this  way — the 

Elane  of  the  optic  axes  tor  all  the  colors  lies  parallel  to  the  orthodiagonal, 
ut  these  planes  may  have  different  inclinations  to  the  ve  "tical  axis.    This 
is  called  Iiorizontal  dispersion  by  DesCloizeaux. 

8.  Still  again,  in  the  third  place,  the  plane  of  the  optic  axes  lies  perpen 
iicular  to  the  plane  of  symmetry ;  but  in  this  case  tiie  acute  bisectrix  is 
parallel  to  the  crystallographic  axis  &,  so  that  the  obtuse  bisectrix  and  axis 
of  mean  elasticit;y  lie  in  the  plane  of  symmetry.    The  dispei*sion  whicli 
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rosults  in  thiB  case  is  called  by  DesOIoizeaux  crowed  (di8pen:iou  tonniante^ 
or  crois^e). 

Dispersion  as  shown  in  the  interference  figures. — li  an  axial  scctioD 
of  a  monodinic  crystal  be  examined  in  converging  polarized  light,  the  kind 
of  dispersion  which  characterizes  it  will  be  indicated  by  the  nature  of  the 
interference  figures  observed ;  the  three  cases  are  ilhistrated  by  the  figuree 
upon  the  frontispiece,  taken  from  DesCloizeaux.  (frontispiece). 

Figs.  l(j,  IJ  represent  the  interference  figures  for  an  orthorhombic  crystal 
(nitre),  characterized  by  the  symuietry  in  the  size  of  tlie  rings,  and  the 
distribution  of  the  coloi-s.  Figs.  2a,  2b  (diopside),  3a,  Zb  (orthoclase),  4a,  45 
(borax),  are  examples  of  the  corresponding  figures  for  monoclinic  crystals, 
characterized  as  such  more  or  less  distinctly  by  the  want  of  symmetry  in 
the  size  of  the  rings  about  the  two  axes,  and  the  irregularity  in  the  arrange- 
ment of  the  colors. 

(1)  Inclined  dispersion, — Where  the  axes  are  not  symmetrically  situated 
with  reference  to  the  acute  bisectrix.  The  relation  of  the  two  axial  iigiu^es 
is  illustrated  by  f.  405.     In  f.  2a,  25  this  kind  of  dispersion  is  indicated  by 


405 
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the  position  of  the  red  and  blue  at  the  centres  of  the  rings,  and  on  the 
borders  of  the  hyperbolas,  compare  f.  la,  15  of  the  normal  figure,  where 
tliere  is  no  dispersion  of  the  bisectrices. 

(2)  Horizontal  dispersion,  where  the  planes  of  the  optic  axes  for  the 
different  coloi-s  make  different  angles  with  the  axis. — This  is  illustrated  by 
f.  406.  The  effect  upon  the  interterence  figures  is  seen  in  f.  3a,  35  of  the 
plate,  by  comparing  the  colors  within  the  rings  (f.  3a),  and  on  the  borders 
of  the  hyperbolas  (f.  35),  with  f.  la,  15. 

(3)  Grossed  dispersion^  where  the  acute  bisectrix  coincides  with  the 
crystallographic  axis  5. — This  is  illustrated  in  f.  407,  and  the  interference 
figures  belonging  to  this  kind  of  dispersion  are  seen  in  f .  4a,  45  of  the  plate, 
compared  as  heiore  with  la,  15,  and  with  the  other  figures. 


Praetieal  Optical  Inoestigatvm  of  ManoeUnic  Orystak. 

Determination  of  the  position  of  the  axes  of  elasticityy  that  is,  iJis  direc- 
tions of  vibration.  Staurosoope. — The  position  of  one  axis  of  elasticity  is 
alone  known,  since,  as  has  been  stated,  it  coincides  with  the  crystallogi'aphic 
axis  5.  In  order  to  determine  the  position  of  the  other  axes  in  the  plane  of 
symmetry,  where  they  necessarily  lie,  use  is  made  of  an  instrument,  first 
preposed  by  von  Kobell,  called  the  Staubosoopb.  The  principle  of  this 
instrument  is  very  simple.  Suppose  that  the  two  Nicols  in  the  polari- 
scope  (f.  385)  have  their  planes  of  polarization  cressed,  causing  the  maxi- 
mum extinction  of  light.     Now,  if  a  section  of  any  biaxial  crystal  is  brought 
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between  them,  obviously,  if  the  position  of  its  two  rectangular  axes  oi 
elasticitj,  which  are  its  two  directions  of  vibration,  coincide  with  those  ri| 
the  two  Nicols,  it  will  produce  no  change  in  appearance ;  the  field  of  the 
polariscope,  which  was  dark  before,  remains  dark.  But  suppose,  on  the 
other  hand,  that  it  is  placed  in  any  other  position  ii.  the  plane,  so  that  its 
two  rectangular  directions  of  vibration  do  not  coincide  with  those  of  the 
Nicols,  the  field  is  no  longer  dark,  but  more  or  less  light.  The  reason  foi 
this  is,  that  the  light  from  the  lower  Nicol  meeting  the  crystal  plate  ia 
separated,  according  to  the  law  of  the  parallelogram  of  forces,  into  two  sets 
of  vibrations,  which  are  a^in  resolved  by  the  analyzing  JS^icol,  and  only  one 
set  extinguished  by  it.  If,  however,  the  plate  be  gradually  changed  in  posi- 
tion, that  is,  revolved  horizontally,  until  its  vibration-directions  (axes  of 
elasticity)  coincide  with  those  of  the  Nicole,  then,  as  at  first,  the  light  is  ex- 
tinguished* If  the  an^le  is  measured  which  it  is  necessary  to  revolve  the 
section  to  accomplish  tlie  result  just  remarked,  that  will  be  the  angle  be- 
tween tlie  direction  of  one  of  the  axes  of  elasticity  of  the  plate  in  its  original 
position  and  the  vibiution-plane  of  the  Nicol. 

In  figure  408,  let  the  two  larger  rectangular  arrows  represent  the  vibration- 
directions  for  the  two  Nicols,  and  between  the  two 
prisms  suppose  a  section  of  a  mouoclinic  crystal, 
abcdj  to  be  placed  so  that  one  edge  of  a  known  crys- 
tallographic  plane  (eff.j  iri)  coincides  with  one  of 
these  lines.  The  field  of  the  microscope,  dark  before, 
since  the  prisms  were  cix)6sed,  is  no  longer  so,  and 
becomes  dark  again,  as  explained,  only  when  the 
crystal  is  revolved  so  that  its  vibration^directions 
(tlie  smaller  dotted  arrows)  coincide  with  those  of 
the  Nicols,  which  is  indicated  by  the  maximum 
extinction  of  the  light.  The  crystal  has  then  the 
position  a'h'cd\  The  angle  (r.  408),  which  it 
has  been  necessary  to  revolve  tne  plate  to  obtain 
the  efPect  described,  is  the  angle  w-hich  one  of  the  axes  of  elasticity  in  the 
given  plate  makes  with  tlie  given  crystallographic  edge  iri. 

The  preceding  explanations  cover  everything  that  is  essential  in  the 
Stanroscope;  but  a  variety  of  improvements  have  been  introduced,  which 
practically  make  the  measurements  by  means  of  the  instrument  much  more 
easy  and  accurate. 

It  will  be  seen  that  the  most  important  feature  is  the  point  where  the 
maximum  extinction  of  the  light  occurs  ;  this,  however,  is  not  easy  for  the 
eye  to  decide  upon,  and  if  the  trial  is  made,  it  will  be  found  that  the  change 
produced  by  a  revolution  of  several  degrees  is  hardly  perceptible.  To 
overcome  this  difiiculty,  von  Kobell  proposed  to  introduce  a  section  of  cal- 
cite  just  below  tlie  analyzer,  because  its  interference  figure  gives  a  better 
opix)rtunity  to  judge  of  a  change  in  the  intensity  of  the  light.  A  still  better 
plan  is  to  introduce  a  composition  plate  of  calcite,  as  proposed  by  Brezina, 
giving  a  peculiar  interference  figure,  a  very  slight  change  in  which  destroys 
its  symmetry,  and  it  takes  its  normal  form  onlv  when  the  planes  of  polariza 
tion  of  the  two  Nicols  are  exactly  at  right  angles.  Supposing  this  to  be  the 
case,  when  the  crystal  has  been  introduced  the  interference  figure  is  disturbed, 
it  return  3  to  its  normal  appearance  only  when  the  crystal  has  been  revolved 
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tx)  the  point  where  the  vibratioD^directions  of  the  Nicok  and  crystal  section 
exactly  coincide.* 

It  will  be  observed  again,  that  it  is  essential  that  the  direction  of  the 
known  edge  of  the  crystal  should  be  exactly  parallel  to  the  vibration-direc- 
tion of  one  of  the  Nicols.  This  condition,  in  the  case  of  small  crystals 
especially,  is  hard  to  fulfil,  and  to  accomplish  it  most  satisfactorily  Grroth 
has  proposed  to  use  thp  plate  shown  in  f.  409. 

The  plate  of  glass,  v,  lield  in  its  present  position  by  the  spring,  has  one 

edge  polished,  which  adjoins  u^  and  the  direction 
of  this  is  made  to  coiucide  exactly  with  the  line 
joining  the  opposite  zero  points  of  tlie  gradua 
tion.  The  crystal  section  is  attached  to  this  plate 
over  the  hole  seen  in  t;,  and  with  a  plane  of 
known  crystallographic  position,  either  O,  i-i  or 
a  plane  in  that  zone  or  a  corresponding  edge, 
coinciding  with  the  direction  of  the  polished  edge 
of  the  plate.  Whether  this  coincidence  is  exact 
can  be  tested  by  the  reflective  goniometer.  Iii 
order  to  eliminate  any  small  error,  Groth  pro- 
poses to  measure  the  divergence  from  the  exact 
coincidence,  and  then  to  make  a  corresponding 
correction,  for  which  he  furnishes  a  series  of  tables. 

After  the  adiustment  of  the  crystal  section  on  the  plate,  die  latter  is 
inseiled  in  its  place,  the  whole  plate,  Z,  ky  occupying  the  position  indicated 
in  f.  385,  and  the  Nicols  so  adjusted  that  the  plane  of  vibration  of  one 
coincides  with  the  line  0°  to  180  .  The  angle  of  revolution  of  the  plate,  /, 
is  obtained  from  the  graduated  scale  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  Nicols  alluded  to, 
but  the  error  arising  when  the  vibration-plane  of  the  Nicol  does  not  coincide 
with  the  line  0°  to  180°  is  easily  eliminated.  This  is  accomplished  by  remov- 
ing the  plate  Vj  and,  without  disturbing  the  crystal  section,  restoring  it  to 
its  place  in  an  inverted  position.  Tlie  measured  angle,  if  before  too  great, 
will  now  be  as  much  too  small,  and  the  arithmetical  mean  of  the  two 
measurements  will  be  the  true  angle. 
Keference  further  may  be  made  to  Groth,  Pogg.  Ann.,  cxliv.,  34, 1871. 
Determination  of  the  plane  of  the  optic  axes. — The  investigation  of  a 
section  ot  a  monocliiiic  crystal  parallel  to  the  plane  of  symmetry  determines 
the  position  of  the  two  remaining  axes  of  elasticity,  but  it  does  not  fix  the 
relative  position  of  the  greatest  and  least  axes  of  elasticity,  that  is,  the  plane 
of  the  optic  axes.  To  solve  the  latter  point,  sections  normal  to  each  of  the 
thi'ee  axes  must  be  examined  in  converging  polarized  light,  and  one  of 
them  will  show  the  characteristic  interference  figures.  The  section  parallel 
to  the  plane  of  symmetry  is  first  to  be  examined,  and  if  it  does  not  show 
the  axes  even  in  oil,  one  or  both  of  the  other  sections  spoken  of  must  be 
employed. 

Ax^al  angle  J  dit^persion^  etc. — The  method  of  measuring  the  axial  angle 
has  been  already  explained,  and  if  this  is  determined  for  the  different  colors 
it  will  determine  the  dispei*sioii  of  the  axes  p  ^.v. 

The  dispersion  of  the  axes  of  elasticity  has  been  shown  to  be  always 
indicated  by  the  character  of  interference  figures ;  its  amount,  where  con- 

*  See  p.  180  for  a  description  of  the  Galderon  plate. 
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•idorable,  may  be  determiDed  by  making  the  stauroecopic  incafiuromcnts  foi 
different  colors. 

The  remaining  points  to  be  investigated,  the  indices  of  refraction,  and 
the  +  or  —  character  of  the  crystal,  need  no  further  explanation  beyond 
that  which  has  been  given,  pp.  150, 151. 

DrffrnfOTTiBHiNQ  Ofttcal  Charactbbs  of  TRiCLmic  Crtbtals. 

The  crystals  of  the  triclinic  system  ai*e  characterized  by  their  entire  want 
of  crystallographic  symmetry,  the  position  and  inclination  of  the  axes  being 
entirely  arbitrary,  and  it  follows  from  this  that  there  is  no  necessary  connec- 
tion between  them  and  the  rectangular  axes  of  elasticity.  More  than  one  of 
the  three  kinds  of  dispersion  mentioned  on  p.  154  may  occur  in  a  single 
crystal,  and  the  interference  figures  will  indicate  the  existence  of  both. 

The  practical  investigation  of  triclinic  crystals  opticjally  involves  greal 
difficulty ;  in  general  a  series  of  successive  trials  are  required  to  determine 
the  position  of  the  axes  of  elasticity.  When  these  are  found,  the  axial  sec- 
tions can  be  prepared  and  the  axial  angle  determined,  and  the  other  points 
settled  as  with  other  biaxial  crystals. 

Bffbct  of  Hbat  upon  thr  Optioal  Ohabactbbs  of  OarSTALS. 

In  addition  to  the  ordinaiy  investigation  of  crystal-sections  in  tJie  polari- 
Bcope,  it  is  often  important  to  determine  the  influence  of  heat  upon  the 
optical  character  of  crystals.  The  axial  angle  may  be  measured  at  any 
required  temperature  by  the  use  of  a  metal  air-bath.  This  is  placed  at  U^ 
(f.  401),  and  extends  beyond  the  instrument  on  either  side,  so  as  to  allow 
of  its  being  heated  with  gas  burners ;  a  thermometer  inserted  in  the  bath 
makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath 
has  two  openings,  closed  with  glass  plates,  corresponding  to  the  two  tubes 
carrying  tiie  lenses,  and  the  crystal-section,  held  as  usual  in  the  pincei'S,  is 
seen  through  these  glass  windows. 

The  conclusions  of  DesCloizeaux  (see  Literature)  as  to  the  influence  of 
heat  upon  the  optical  characters  of  crystals  are  as  follows : 

(1)  {Uniaxial  crystals  appear  to  be  uninfluenced  by  a  heating  of  from  10° 
to  190°  C.  (2^  Biaxial  crystals  of  the  ortharhombic  system  suffer  a  greater 
or  less  change  m  axial  angle.  (3)  JBiaxial  crystals  of  the  monoclinic  system 
suffer  a  change  in  axial  angle,  and  in  addition  also  in  the  plane  of  the  axes 
when  it  is  not  the  plane  of  symmetry.  Triclinic  crystals  also  show  a  little 
change  in  the  position  of  the  axes. 

A  striking  example  of  the  change  in  axial  divergence  is  furnished  by 
^peum.  At  ordinary  temperatures  the  axes  lie  in  the  plane  of  symmetry 
(^) ;  at  80°  0.  they  unite  in  a  line  making  an  angle  of  37°  28'  with  a  normal 
to  O ;  and  with  an  increased  temperature  they  again  separate  in  a  plane 
perpendicular  to  i-v.  DesCloizeaux  found  that  the  feldspars,  when  heated 
np  to  a  certain  point,  suffer  a  change  in  the  position  of  the  axes,  and  if  the 
heat  becomes  greater  and  is  long  continued,  they  do  not  return  again  to  theii 
original  position,  but  remain  altered.    Weiss*  has  made  use  of  this  principle 

9 

^  Z«r  Kpontiiias  der  FeldBpathbOdmig ;  Haarlem  Soo.  YerhandL,  zzr.,  18M. 
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to  detciinine  at  what  temperature  oertaiit  fcldepathic  rocks  wore  formed 
Tliis  constant  change  of  axial  angle  upon  heating  is  trne  also  of  brooldtei 
Koisite,  and  other  minerals.  The  investigations  of  Pfaff  show  that  the  opti- 
cal propeities  of  some  uniaxial  crystals  also  are  affected  bjr  heating,  though 
to  no  great  extent.    Pogg.,  cxxiii.,  179,  cxxiv.,  448,  etc. 


AHOMALIBS  BsmBFTBD  Br  BOMB  OBTSTALS  nff  THBtB  OPTICAL  PHBHOMBHA.* 

There  are  a  considei^able  number  of  crystals  of  the  three  classes,  whidi, 
from  a  variety  of  causes,  exhibit  irregularities  in  their  optical  characters ; 
some  of  the  more  important  cases  are  mentioned  here. 

Isovietrio  crystals, — Boracite,  and  also  senarmontite,  sometimes  exhibit 
interference  figures  i*esembling  closely  those  of  biaxial  crystals.  In  the 
case  of  boracite  this  is  explained  by  DesCloizeanx  as  due  to  the  presence 
of  enclosed  crystals  of  parasite  formed  by  alteration.  Perofskite  is  also 
strongly  doubly  refracting,  and  in  polarized  light  appears  to  be  biaxial, 
although,  as  nhown  by  ELokscharow,  it  is  isometric  in  crystallographic  rela- 
tions. The  irregularities  are  supix)sed  by  him  to  be  caused  by  the  want  of 
homogeneity  in  the  internal  structure  of  the  crystals. 

The  properties  of  double  refraction  possessed  by  some  substances,  crystal- 
lized and  non-crystallized,  which  are  normally  isotrope,  are  explained  by 
Biot  to  be  due  to  lamellar  polarization.  This  is  analogous  to  the  produc- 
tion of  polarized  light  by  means  of  a  series  of  thin  plates  (see  p.  132). 
Alum  crystals  have  often  the  lamellar  structure,  which  causes  these  pheno- 
mena. 

Analcite  and  leucite  have  been  included  in  the  list  of  isometric  crystals, 
which  exhibit  anomalous  optical  characters ;  but  the  most  accurate  crystal- 
lographic determination  has  referred  both  species  to  the  tetragonal  system. 
Tension  or  compression  at  the  time  of  crystallization  may  cause  isotropic 
crystals  to  polarize  light ;  Schrauf  has  described  a  uniaxial  diamond,  and 
it  was  long  since  shown  by  Brewster  that  some  diamonds  give  evidence  in 
polarized  light  of  compression  al)out  interior  cavities. 

Uniaxial  crystals, — A  want  of  homogeneity  in  the  crystals,  as  shown  by 
DesCloizeanx,  may  cause  uniaxial  crystals  to  exhibit  in  polarized  light  a 
variety  of  abnormal  phenomena.  In  some  cases  the  axial  figures  resemble 
those  of  biaxial  crystals,  the  cross  in  the  middle  of  the  field  (f.  390)  not 
being  closed,  but  separated  into  two  hyperbolas,  lying  near  each  other. 
Beryl,  zircon,  vesnvianite,  and  apatite  are  examples.  jThat  such  crystals 
ai-e  nevertheless  uniaxial  is  proved  by  the  fact  that  the  opening  of  the  cross 
is  independent  of  the  position  of  the  iNicols,  and  is  not  altered  if  the  section 
is  turned  in  a  horizontal  plane.  If  this  is  not  true,  or  if,  when  the  section 
is  heated  (p.  157)  the  distance  between  the  hyberbolas  is  altered,  it  is  a 
proof  that  the  irregularity  is  not  due  to  lamellar  polarization,  but  that  the 
two  indices  of  refraction  are  not  exactly  equal,  and  consequently  tliat  the 
crystal  is  not  strictly  uniaxial.  In  such  cases  a  I'evision  of  the  crystallo- 
graphical  elements  is  desirable. 

The  axial  figure  shown  by  a  section  of  apophyllite  is  peculiar,  exhibiting 

*  For  a  discussion  of  this  subject  in  the  light  of  recent  (1882)  investigntions,  see  pp. 
180  et  seq. 
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a  series  of  rings  alternately  dark  violet,  and  yellow.  The  explanation  ia 
found  in  the  fact  previonsly  stated,  that  it  is  positive  for  red  rays,  negative 
for  blae,  and  does  not  doubly  refract  yellow  light. 

Among  biaxial  crystals  irregularities  in  the  optical  phenomena  are  often 
observed.  They  are  due  in  part  to  want  of  homogeneity,  in  part  to  twin 
strncture,  and  also  to  other  causes.  In  brookite  the  planes  of  the  axes  for 
red  and  blue  rays  are  at  right  angles  to  each  other,  and  hence  the  axial 
figures  vary  much  from  those  normally  observed ;  in  titanite  the  axial  angle 
for  the  two  colors  is  widely  different,  and  this  also  gives  rise  to  an  axial 
figure  of  abnormal  appearance. 

Irregular  structure,  due  to  twinning,  is  a  frequent  cause  of  peculiar  opti- 
cal phenomena ;  crystals,  in  external  form  apparently  simple,  often  show 
themselveB  to  be  made  up  of  irregular  banded  layers  in  twinned  position^ 
when  examined  in  polarized  light ;  this  is  true  of  many  minerals. 

In  some  crystals,  as  occasionally  in  the  epidote  from  the  Untersulzbach- 
tlial  in  the  Tyrol,  the  biaxial  figures  may  be  observed  immediately,  without 
the  use  of  the  polariscope.  This  is  due  to  the  complex  twinned  structure 
of  the  crystal,  a  thin  lamella  in  reverse  position  being  enclosed  in  the 
interior,  so  that  the  parts  of  the  crystal  on  either  side  act  as  polarizer  and 
analyzer. 


PraeUoal  Suggetiiona  in  regard  to  ike  Preparation  and  use  of  Oryetai  Sections  made  for 

Optical  Examination, 

The  most  important  taak  is  the  preparation  of  a  plate  for  examination  in  the  Stanrosoope, 
or  for  the  obeervation  of  the  axial  interference-figures.  In  this  we  are  often  assisted  by  the 
cletTage,  which  sometimes  makes  it  possible  to  obtain  the  required  section  without  the  labor 
of  catting  it.  This  is  conspicuously  the  case  with  mica ;  also  with  topas  and  anhydrite,  and 
other  minerals.  Sometimes  the  natural  surfaces  need  to  be  made  smooth  and  polished. 
Furthermore  natnral  crystals  sometimes  occur  in  a  tabular  form,  thin  and  transparent  enough 
to  answer  the  purpose ;  this  is  true  of  the  crystals  of  wulfenite  from  Utah.  In  most  cases, 
however,  the  section  must  be  actually  cut.  The  means  required  in  such  oases  vary  with  the 
hardness  of  the  mineral  under  examination.  For  the  hardest  minerals  diamond  powder  is 
made  use  of  in  grinding;  it  is  employed  after  the  manner  of  the  lapidaxy.  (It  may  be  men- 
tioned here  that  the  investigator  wiU  generally  find  it  for  his  interests,  both  as  regards  time, 
money,  and  accuracy  of  results,  to  employ  a  lapidary  to  do  this  work  for  him.)  The  diamond 
powder  is  applied  to  a  thin  wheel  of  soft  iron  or  copper,  rotating  on  a  lathe. 

For  minerals  which  are  not  so  extremely  hard,  good  emeiy  may  be  used  instead  of  diamond 
powder.  It  is  merely  necessary  to  apply  the  emery  and  water  to  the  edge  of  the  wheel  as  it 
revolves,  tho  mineral  being  held  firmly  against.  A  neater  and  more  advantageous  method, 
where  the  amount  of  material  ib  small,  is  the  use  of  a  fine  saw,  or  better  wire,  mounted  in  a 
frame,  and  used  with  either  diamond  powder  or  emery  moistened  with  water  or  oil.  The 
crystal  may  be  mounted  in  wax  or  otherwise,  if  very  smtdl ;  sometimes  a  holder  made  of  cork 
is  convenient. 

The  direction  in  which  the  slice  is  to  be  cut  is  of  the  highest  importance,  and  can  often  be 
mdicated  at  first  by  a  scratch  across  a  plane  of  a  crystaL  In  many  oases  it  is  more  simple  to 
grind  on  a  surface  in  the  proper  direction,  and  this  can  be  easily  accomplished  by  holding  tho 
crystal  against  a  fine-grained  emery  wheel  rotating  on  a  lathe.  It  can  be  held  either  in  the 
fingers,  or  cemented  to  a  small  piece  of  glass,  for  instance  with  Canada  balsam. 

Another  way,  more  simple  as  demandJng  no  instruments,  is  to  moke  use  of  a  flat  piece  of 
plate  gloss,  not  too  small,  on  which  the  crystal  is  ground  with  moistened  emery,  being  core- 
tnXkj  moved  about  with  the  hand.  In  some  cases  a  file,  or  even  a  knife,  may  be  used,  where 
the  mineral  in  hand  is  soft. 

Whatever  method  of  grinding  is  adopted,  it  it  necessary  to  exercise  great  oare  to  bring  the 
artificial  surfaoe  into  exactly  the  proper  direotion.  This  can  be  determined  only  as  its  In^ina 
tfona  to  existing  crystalline  planes,  or  deavage  mirfaoes,  are  measured,  and  practically  it  it 
nitnttitry  often  to  stop  the  vork  and  test  what  hat  been  done.    The  parallel  interteotionf 
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will  often  show  the  degree  of  ooneotness  in  the  work.  For  pnzpoaes  of  nieasozement  it  ii> 
necessaTT  to  polish  the  artificial  plane,  or  instead,  a  small  piece  of  thin  glass  may  be  oementi)d 
on  where  the  crystal  is  too  small  for  the  use  of  the  hand-goniometer.  It  is  of  oonrse  necessary 
to  know,  before  starting,  the  angle  which  the  new  plane  will  make  with  the  natural  planes 
which  are  already  present.  When  one  plane  in  the  required  direction  has  been  obtained,  it 
is  a  comparatively  simple  process  to  obtain  a  second  parallel  to  it,  though  care  must  be  exer- 
cised to  attain  accuracy. 

The  required  section  having  been  cut,  it  remains  only  to  polish  the  surfaces.  The  means 
required  differ  so  widely,  according  to  the  hardness  of  the  mineral,  that  no  fixed  rule  can  be 
given.  The  most  commonly  used  poliediing  powder  is  the  English  red,  or  colcothar,  which 
may  be  used  on  the  plate  of  glafv,  or  leather  surface,  or  on  a  revolving  wheel  covered  with  a 
soft  doth.  In  other  cases  oxide  of  tin  or  fine  chalk  is  used  ;  and  again  the  simple  plate  of 
ground  plass  will  answer  the  purpose  without  the  use  of  any  other  means.  As  a  rule,  the 
hardest  minerals  take  the  polish  most  readily.  Sometimes  the  only  method  practicable  is  to 
use  small  fragments  of  thin  glass,  adhering  with  balsam,  by  which  transparency  is  obtained 
without  polish,  though  errors  are  easily  introduced  by  this  means  when  snfScient  care  is  not 
exercised. 

The  preparation  of  prisms  for  the  measurement  of  the  indices  of  refraction  is  practioally 
much  more  difficult  than  that  of  a  simple  section,  but  in  general  the  methods  are  the  same. 

It  is  often  advinable  to  examine  a  mineral  microscopically  when  a  slice  in  a  particular  direc- 
tion is  not  needed.  In  such  cases  use  can  be  made  of  the  methods  employed  in  making  rock 
slices.  A  revolving  wheel  of  soft  iron,  vertical  or  horizontal,  is  emj^oyed,  on  the  lateral  sur- 
face of  which  the  substance  is  ground  with  the  use  of  emery  moistened  with  water.  A  thin 
slice,  or  thin  fragment  broken  off,  is  taken  to  commence  with.  First  one  surface  is  ground 
smooth  and  polished.  The  piece  is  then  cemented  to  a  little  plate  of  thick  glass  with  balsam, 
and  the  other  side  ground  down  parallel  to  the  first,  the  grinding  being  continued  until  the 
required  degree  of  transparency  is  obtained.  Obviously  when  the  section  becomes  thin  and 
f  rajg^e,  the  coarse  emery  must  be  replaced  with  fine,  and  a  considerable  degree  of  care  exer- 
cised. The  section  obtained  is  generaUy  removed  to  another  slip  of  glass  and  mounted  with 
balsam  under  a  thin  glass  cover. 

The  microscopic  investigation  of  minerals,  by  means  of  thin  slices,  is  of  the  highest  impozt* 
ancB,  aside  from  optical  investigations.  Every  chemical  analysis  should  be  preceded  by  sudi 
an  examination  to  test  the  purity  of  the  material  in  hand.  Where  a  transparent  section  can- 
not be  obtained,  a  single  polished  surface,  examined  by  reflected  light,  will  often  riffioo  to 
decide  the  same  point. 

The  valuable  investigations  of  Vogelsang,  Fischer,  Rosenbusch,  and  others,  referred  to  on 
pp.  108  to  1 1 1 ,  show  how  many  minerals,  which  at  first  glance  seem  perfectly  pure,  are  found 
to  enclose  impurities  considerable  in  variety  and  amount. 
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DIAPHANEITY;  COLOR;  LUSTRE. 

Tbere  are  certain  characteristics  belonging  to  all  minerals  alike,  crystal- 
lized and  non-crystallized,  in  their  relation  to  lijght    These  are : 

1.  Diaphaneity  ;  depending  on  the  power  oitransmitting  light. 

2.  Color  ;  depending  on  the  kind  ox  light  reflected  or  transmitted. 

3.  LuBTSK ;  depending  on  the  power  and  manner  of  reflecting  li^ht 


1.  DlAPHANBTTT. 

The  amonnt  of  light  transmitted  by  a  solid  varies  in  intensity,  or,  in  othei 
words,  of  the  light  received  more  or  less  may  be  absorbed.  The  amonnt 
of  absorption  is  a  miuimnm  in  a  perfectly  transparent  solid,  as  ice,  while  it 
is  greatest  in  one  which  is  opaque,  as  iix>n.  The  following  terms  are  adopted 
to  express  the  different  degrees  in  the  power  of  transmitting  li^ht : 

Transparent :  when  the  outline  of  an  object  seen  throu^  the  mineral  is 
perfectly  distinct. 

Subtransparenif  or  semi-transparent:  when  objects  are  seen,  but  tho 
outlines  are  not  distinct. 

Translucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Suitranslucent :    when  merely  the  edges  transmit  light  or  are  trana- 

lucent. 

When  no  light  is  transmitted,  the  mineral  is  said  to  be  opaque.  This  is 
properly  only  a  relative  term,  since  no  substance  fails  to  transmit  some 
fight,  if  maae  sufficiently  thin.  Magnetite  is  translucent  in  the  Pcnnsbury 
mica.  The  recent  researches  of  Prof.  A.  W.  Wright  have  shown  that  by 
means  of  the  electrical  current  the  metals  may  be  volatilized  and  deposited 
again  on  the  sides  of  the  surrounding  glass  tube.  The  layers  thus  lormed 
are  perfectly  continuous,  but  so  thin  as  to  be  transparent.  By  transmitted 
light  the  layer  of  gold  thus  obtained  appears  green,  and  that  of  silver  a 
b^utif ul  blue. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  e^'ery 
degree  from  nearly  perfect  opacity  to  a  perfect  transparency,  and  many 
minerals  present,  in  tneir  numerous  varieties,  nearly  all  the  different  shades. 

The  absorption  of  light  in  its  relation  to  the  axes  of  elasticity  is  spoken 
of  on  p.  165. 

2.  COLOB. 

Cause  of  color. — ^The  color  of  a  substance  depends  upon  its  power  of 
absorbing  certain  portions  of  the  light,  that  is,  certain  i*ays  of  the  spec  trum ; 
a  yellow  mineral,  for  instance,  absorbs  all  the  rays  of  the  spectrum  with  Ibe 
exception  of  the  yellow.  In  general  the  color  which  the  eye  perceives  is 
the  result  of  the  mixture  of  mose  rays  which  are  not  absorbed.  All  min- 
erals may  be  divided  into  two  classes :  (1)  those  whoso  color  is  essential  and 
belongs  to  the  finest  particles  mechanicallv  made ;  (2)  those  whose  color  is 
Doa-esaential  and  in  the  fine  powder  is  dif&rent  from  what  it  is  in  the  mass 
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SPreah — ^It  is  obvions  from  these  distinctions  that  the  color  of  the 
powder,  or  the  streaky  as  it  is  called,  is  often  a  very  impi>rtant  quality 
in  distinguishing  minerals.  The  streak  is  obtained  by  scratching  the  sur- 
face of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  haixl,  by 
rubbing  it  on  an  unpolished  porcelain  surface. 

To  the  first  class,  mentioned  above,  belong  the  metals,  and  many 
metallic  minerals ;  for  instance,  the  streak  of  the  olack  manganese  oxidea  is 
black ;  that  of  hematite,  which  is  red  by  transmitted  light,  is  red,  and  so 
on.  To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part 
of  all  minerals.  With  them  the  color  is  often  quite  unessential,  being  gen- 
erally due  to  small  admixtures  of  some  metallic  oxide,  to  some  carbon  com- 
pound, or  some  foreign  substance  in  a  finely  divided  state.  Most  of  these 
nave  a  white  or  light-colored  streak.  For  example,  the  streak  of  blackj 
green^  redy  and  blue  tourmaline  varies  little  from  wAite. 


Yaiubtibs  of  Golob. 

The  following  eight  colors  have  been  selected  as  fundamental,  to  facilitate 
the  employment  (3  this  character  in  the  description  of  minerals :  white^ 
fray^  htacky  hlue^  green^  yellow,  redj  and  brovm. 


a.  MetaUio  Colors. 

1.  Copper-red:  native  copper. — 2.  Brome-yeUow  :  pyrrhotite. — 3.  Bras^- 
yellow  :  chalcopyrite. — 4.  Oold-yeUow. — 5.  Silver-white :  native  silver,  less 
distinct  in  arsenopyrite. — 6.  Tin-white:  mercury,  cobaltite. — 7,  Lead-gray: 
galenite,  molybdenite. — 8.  Steelrgray :  nearly  the  color  of  fine-grained 
steel  on  a  recent  fracture ;  native  platinum,  and  palladium. 


b.  NoTirTnstaJUo  Colors. 

A.  WnrrB.  1.  Snow-white:  Carrara  marble. — 2.  Reddish-white:  some 
varieties  of  calcite  and  quartz. — 3.  Yellowish-white  :  some  varieties  of  cal- 
cite  and  quartz. — 4.  Orayish-white  :  some  varieties  of  calcite  and  quartz. 
— 6.  CHreenishrwhite :  talc. — ^6.  Milk-white:  white,  slightly  bluish;  some 
chalcedony. 

B.  Gbay.  1.  Bluish-gray:  gray,  inclining  to  a  dirty  blue  color. — 2. 
Pearl-gray:  grav,  mixed  with  red  and  blue :  cerargyrite.---8.  Smoke-gray: 
gray,  with  some  brown  ;  flint. — 4.  Greenisn-gray :  gray,  with  some  green ; 
cat's  eye,  some  varieties  of  talc. — 5.  Yellowisn-gray :  some  varieties  of 
compact  limestone. — 6.  Ash-gray  :  the  purest  gray  color ;  zoisite. 

0.  Blaok.  1.  Orayish-black :  black,  mixed  with  gmy  (without  any 
green,  brown,  or  blue  tints) ;  basalt,  Lydian  stone. — 2.  Velvet-black  :  pure 
black;  obsidian,  black  tourmaline. — 3.  Cfreenishrblack:  augite.— 4  Braurr^ 
ishrblaok  :  brown  coal,  lignite. — 5.  Bluishilack:  black  cobalt 

D.  Blub.  1.  Blackish3>lue :  dark  varieties  of  azurite. — 2.  Asure-blue  : 
a  clear  shade  of  bright  blue ;  pale  varieties  of  azurite,  bright  varietiea  oi 
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lazulite. — 8,  Vtolet-hhie :  blue,  mixed  with  red  ;  amethyst,  fluorit(5. — 4. 
Lavender-blue:  blue  with  Bome  red  and  much  gray. — 5.  Prussianrhlue^ 
or  Berlin  blue:  pure  blue ;  sapphire,  cyanite. — 6.  Smalt-blue:  some  varie- 
ties of  gypsum. — 7.  Indigo-bltte  :  blue  with  black  and  green  ;  blue  tourma- 
line.— 8.  Sky-blue :  pale  blue  with  a  little  green ;  it  is  called  mountain 
blue  by  painters. 

E.  Gbeen.  1.  Vei^digris^een :  gi*een  inclining  to  blue ;  some  feldspar 
(amazon-stone). — Cdandine-green :  green  with  blue  and  gray  ;  some  varie- 
ties of  talc  and  beryl.  It  is  the  color  of  the  leaves  of  tlie  celandine  (Cheli- 
donium  majus). — 3.  Mountain-g^reen  :  green  with  much  blue ;  beryl. — 4. 
Leek-green :  green  with  some  brown ;  the  color  of  leaves  of  garlic ;  dis- 
tinctly seen  in  prase,  a  variety  of  quartz. — 5.  HmeraZd-green  :  pure  deep 
green  ;  emerald. — 6.  Apple-green  :  light  green  with  some  yellow ;  chryso- 
prase. — 7.  Ghraas-green :  bright  green  with  more  yellow ;  green  diallage. — 
8.  Pietackw-green  :  yellowish  green  with  some  brown ;  epidote. — 9.  Aspa- 
r<igu8-green :  pale  green  with  much  yellow ;  asparagus  stone  (apatite).--- 
10.  Ulaokish-green  :  serpentine. — 11.  Olive^green :  dark  green  with  much 
brown  and  yellow;  chrysolite. — ^12.  OU-green:  the  color  of  olive  oil; 
beryl,  pitchstone. — 13.  Siskin-green  :  light  green,  much  inclining  to  yellow; 
oranite. 

F.  Yellow.  1.  Svlphur-yeUow :  sulphur. — 2.  Stra/w^yeUow  :  pale  yel- 
low ;  topaz. — 3.  Wax^yeUow :  grayish  yellow  with  some  brown ;  blende, 
opal. — 4.  Honey-yeUow  :  yellow  with  some  red  and  brown ;  calcite. — 5. 
Leinon^yeU/yw :  sulphur,  orpiment. — 6.  OchreyeUow  :  yellow  with  brown ; 
yellow  ochre. — 7.  Wine-ymau):  topaz  and  nuorite. — 8.  Cream^eUow : 
acme  varieties  of  lithomarge. — 9.  Orange-yellow :  orpiment. 

G.  Kbd.  1.  Aurora-red:  red  with  much  yellow;  some  realgar. — 2. 
HyacfMh-red :  red  with  yellow  and  some  brown ;  hyacintli  garnet. — 3, 
Brick-Ted:  poly  halite,  some  jasper. — 4:.  Scarlet-red:  bright  red  with  a 
tinge  of  yellow;  cinnabar. — 5.  £lood-red:  dark  red  with  some  yellow; 
pyrope. — 6.  Fleeh^ed:  feldspar. — ^7.  CoA^mvne-red :  pure  red;   ruby  sap- 

£hire. — 8.  Roee-red :  rose  quai'tz. — ^9.  Crimson-red:  ruby. — 10.  Peaohr 
^4)8somrred:  red  with  white  and  gray;  lepidolite. — 11.  Columbine-Ted: 
deep  red  with  some  blue ;  garnet. — 12.  Cherry-Ted  :  dark  i*ed  with  some 
blue  and  brown :  spinel,  some  jasper. — 13.  Brownish-red:  jasper,  limonite. 
H.  Beown,  1.  Reddishrbrown :  garnet,  zircon. — 2.  Clovehrown:  brown 
with  red  and  some  blue ;  axinite. — 3.  Hair-brown:  wood  opal. — 4.  Broo- 
colirbrown  :  brown,  with  blue,  red,  and  gray ;  zircon, — 5.  Chestnut-brown  : , 
pure  brown. — 6.  Ydlowish^rown :  jasper. — 7.  Pinchbechirovm :  yellow- 
ish-brown, with  a  metallic  or  metallic-pearly  lustre ;  several  varieties  of 
talc,  bronzite. — 8.  Wood-brown :  color  of  old  wood  nearly  rotten  ;  some 
specimens  of  asbestus. — 9.  Li/ver-brovm :  brown,  with  some  gray  and  green ; 
jasper. — 10.  Bladdshrbrown  ;  bituminous  coal,  bi*own  coaL 

0.  Peculiarities  in  the  Arra/ngement  of  Colors. 

Play  of  Colors, — Kn  appearance  of  several  prismatic  colors  in  rapid 
succession  on  turning  the  mineral.  This  property  belongs  in  perfection  to 
the  diamond ;  it  is  luso  observed  in  precious  opal,  and  is  most  brilliant  by 
candle-light 
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Change  of  Colors. — ^Eaclx  particnlar  color  appears  to  pervade  a  laraBi 
space  than  in  the  ^lay  of  colors,  and  the  succession  produced  by  tui  ning  Uie 
mineral  is  less  rapid ;  Ex.  labradorite. 

Opalescence. — ^A  milky  or  pearly  reflection  from  the  interior  of  a  speci- 
men.   Observed  in  some  opal,  and  in  cat's  eye. 

Iridescence. — Presenting  prismatic  colors  in  the  interior  of  a  crystal 
The  phenomena  of  the  play  of  colors,  aridescence,  etc.,  are  sometimes  to  be 
explained  by  the  presence  of  minute  foreign  crystals,  in  parallel  positions ; 
more  generally,  however,  they  are  caused  by  the  presence  of  fine  cleavage 
lamellss,  in  the  light  reflected  from  which  intei*ference  takes  place,  analogous 
to  the  well-known  Newton's  rings. 

Tarnish. — ^A  metallic  surface  is  tarnished,  when  its  color  differs  from 
that  obtained  by  fracture ;  Ex.  bornite.  A  surface  possesses  the  steel  ta/r^ 
nish^  when  it  presents  the  superficial  blue  color  of  tempered  steel ;  Ex. 
columbite.  The  tarnish  is  irised^  when  it  exhibits  fixed  prismatic  colors  ; 
Ex.  hematite  of  Elba.  These  tarnish  and  iris  colors  of  minerals  are  owing 
to  a  thin  surface  film,  proceeding  from  different  sources,  either  from  a 
change  in  the  surface  of  the  mineral,  or  foreign  incrustation ;  hydrated  iron 
oxide,  usually  formed  from  pyrite,  is  one  of  flie  most  common  sources  of  it, 
and  produces  the  colors  on  anthracite  and  hematite. 

Asterism. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals  by  refiected  or  transmitted 
light.  This  is  seen  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also 
well  shown  in  mica  from  South  Burgess,  Canada.  In  the  former  case  it 
has  been  attributed  by  Volger  to  a  repeated  lamellar  twinning ;  in  the 
other  case,  by  Bose,  to  the  presence  of  minute  inclosed  crystals,  wliich  are 
a  uniaxial  mica,  according  to  DesCloizeaux.  Crystalline  planes,  which 
have  been  artificially  etched,  also  sometimes  exhibit  asterism.  In  general 
the  phenomenon  is  explained  by  Schrauf  as  caused  by  the  interference  of 
tiie  light,  due  to  fine  striations  or  some  other  cause. 

(Upon  the  above  subjects,  see  Literature,  p.  167.) 

Phobphobescbkcb. 

Phosphorescence,*  or  the  emission  of  light  by  minerals,  mav  be  produced 
in  different  ways :  hyfriotioUy  by  heat^  or  by  est^osure  to  Ugfit. 

By  friction. — Light  is  readily  evolved  from  quartz  or  white  sugar  by 
the  friction  of  one  piece  against  another,  and  merely  the  rapid  motion  of  a 
feather  will  elicit  it  from  some  specimens  of  sphalerite.  Friction,  however, 
evolves  light  from  a  few  only  oi  the  mineral  species. 

Jiy  heat. — Fluorite  is  highl  v  phos^^horescent  at  the  temperature  of  300**  F. 
Diffei-ent  varieties  give  off  light  of  different  colors  ;  the  Morojphane  variety, 
an  emerald-green  liglit ;  othei-s  purple,  blue,  and  reddish  tints.  This  phos- 
phorescence may  be  observed  in  a  dark  place,  by  subjecting  tlie  pulverized 
mineral  to  a  heat  below  redness.  Some  vai*ieties  of  white  limestone  or 
marble  emit  a  yellow  light. 

• ' — ' — — —  .  '  ■ 

•  This  eabjeot  has  been  investigated  by  Becquerd^  Ann.  Oh.  Phys.,  IIL^lv.,  5-110,  1850; 
WatAtT,  Mitth.  nat  Ges.  Bern,  1807,  62 ;  and  Rahn^  ZeltBoh.  Ges.  nat.  Wias.  Berlin,  U, 
Is.,  l,iai,  1874. 
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By  ihe  applioation  of  heat,  minerals  loee  tbelx  phoephoresoent  properties.  But  oif  paasir.^ 
deotricitj  through  the  calcined  mineral,  a  more  or  lees  viyid  light  is  produced  at  the  time  of 
the  disohaige,  and  subseqaently  the  specimen  when  heated  will  often  emit  light  as  before. 
The  lighii  is  usually  of  the  same  color  as  previous  to  calcinacion,  but  occasionally  is  quite 
different.  It  is  in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of  fluorite  it  may 
be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has  also  been  found  that  some  vane* 
des  of  fluorite  and  some  specimens  of  diamond,  oaldte,  and  apatite,  which  are  not  naturally 
phosphorescent,  may  be  rendered  so  by  means  of  electricity.  Electricity  will  also  increase 
the  natural  intensity  of  the  phosphorescent  light. 

lAght  of  the  6un, — The  only  substance  in  which  an  exposure  to  the  light 
of  the  sun  produces  very  apparent  phosphorescence  is  the  diamond,  and 
some  specimens  seem  to  be  destitute  of  this  power.    This  property  is  most 
striking  after  exposure  to  the  blue  rays  of  the  spectrum,  while  in  the  rod  ' 
rays  it  is  rapidly  lost 


Plboohboisic 

Dichnroism^  Trichroism, — ^In  addition  to  the  general  phenomena  of  color, 
which  belong  to  all  minerals  alike,  some  of  tnose  which  are  crystallized 
show  different  colors  under  certain  circumstances.  This  is  due  to  the  fact 
that  in  them  the  absorption  of  parts  of  the  spectrum  takes  place  unequally 
in  different  directions,  and  hence  theii'  color  by  transmitted  light  depends 
upon  the  direction  in  which  they  are  viewed.  This  phenomenon  is  called 
in  jreneral  pleochroism, 

£q  uniaxial  crystals  it  has  been  seen  that,  in  consequence  of  their  crystal- 
lographic  symmetry,  there  ai^e  two  distinct  values  for  the  velocity  of  light 
transmitted  by  them,  according  as  the  vibrations  take  place,  jt^arcSfeZ  or  at 
right  angles  to  the  vertical  axis.  Similarly  the  crystal  may  exert  different 
degrees  of  absorption  upon  the  rays  vibrating  in  these  two  dii'ections.  For 
example,  a  transparent  crystal  of  zircon  looked  through  in  the  direction  of 
the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in  a  lateral  direc- 
tion the  color  is  asparagus-green.  This  is  because  the  rays  (extraordinary) 
vibrating  parallel  to  the  axis  are  absorbed  with  the  exception  of  those 
which  together  give  the  green  color,  and  those  vibrating  lateraUy  (ordinary) 
are  absorbed  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaque,  since  the  ordinaiy  ray,  vibrating  normal  to  the  axis  c,  is  absorbed, 
while  light-colored  varieties,  looked  through  laterally,  are  transparent,  for 
the  extraordinary  ray,  vibrating^  parallel  to  o,  is  not  absorbed ;  the  color 
differs  in  different  varieties.  Thus,  all  uniaxial  ciystals  may  be  dichroic^ 
or  have  two  distinct  axial  colors. 

Similarly  all  biaxial  crystals  may  be  trichroic.  For  the  rays  vibrating  in 
the  directions  of  the  three  axes  of  elasticity  may  be  differently  absorbed. 
For  diaspore  the  three  axial  colors  are  azure-blue,  wine-yellow,  and  violet- 
blue.  It  will  be  understood  that,  while  these  three  different  colors  are  pos- 
sible, tney  may  not  exist ;  or  only  two  may  be  prominent,  so  that  a  biaxial 
mineral  may  be  called  dichroic 

Ib  order  to  investigate  the  absorption-properties  of  any  uniaxial  or  biaxial 
orystal,  it  is  evident  that  sections  must  be  obtained  which  are  parallel  to  th« 

11 


166 


FHTSIOAL  OHASAOTEBfi  07  ]fIKERiX& 


eeveiul  axes  of  elaBticity.    Suppose  that  f .  410  represents  a  rectangnlar  solid 

with  its  sides  parallel  to  the  three  axes  of  elasticity  of 
a  biaxial  crystal.  In  an  orthorhombic  crystal  the  faces 
are  those  of  the  three  diametral  planes  or  pinacoids  * 
in  a  monoclinic  crystal  one  side  coincides  with  the  clino^ 
pinacoid,  the  others  are  to  be  determined  for  each 
species.  The  light  transmitted  by  this  solid  is  examined 
by  means  of  a  single  Nicol  prism.  Suppose,  first,  that 
the  light  transmitted  by  the  parallelopiped  (f.  410)  in 
the  direction  of  the  vertical  axis  is  to  be  examined. 
When  the  shorter  diagonal  of  the  Nicol  coincides  with 
the  direction  of  the  axis  b,  the  color  observed  belongs 
to  that  ray  vibrating  parallel  to  this  direction  ;  when  it  coincides  with  the 
axis  a,  tiie  color  for  tne  ray  with  vibrations  parallel  to  a  is  observed.  In 
the  same  way  the  Nicol  separates  tlie  different  colored  rajrs  vibrating 
parallel  to  c  and  a  respectively,  when  the  light  passes  through  in  the  diree 
tion  of  b. 

So  also  finally  when  the  section  is  looked  through  in  the  direction  of  the 
axis  a,  the  colors  for  the  rays  vibrating  parallel  to  b  and  c,  respectively,  are 
obtained.  It  is  evident  that  the  examniation  in  two  of  the  directions  named 
will  give  the  three  possible  colors. 

For  epidote,  according  to  Klein,  the  colors  for  the  three  axial  directions 
are: 

^    Yibrations  paraUel  to  I,  brown  (absorbed).         o    YibraUons  parallel  to  t,  green. 
^  **  «*  «,  yeUow.  *•  **  "  a,  yellow. 

o    Vibrationa  parallel  to  t,  green, 

•*  '*  b,  brown  (abaorbed). 

The  colors  observed  by  the  eye  alone  are  the  resultants  of  the  double  set 
ut  vibrations,  in  which  the  stronger  color  predominates ;  thus,  in  the  above 
example,  the  plane,  normal  to  c  is  bix>wn,  to  b,  yellowish-green,  to  a,  green. 
In  any  other  direction  in  the  crystal,  the  apparent  color  is  the  result  of  a 
mixture  of  those  corresponding  to  the  three  directions  of  vibrations  in  differ- 
ent proportions.  Dichroite  is  a  striking  example  of  the  phenomenon  of 
pleochroism. 

An  instrument  called  a  dichroacope  has  been  contrived  by  Haidinger  for 
examining  this  property  of  crystals.  An  oblong  rhombohedi'on  of  Ice- 
land spar  nas  a  glass  prism  of  18^  cemented  to  each  extremity.    It  is  placed 


411 


412 


I 


in  a  metallic  cylindrical  case,  as  in  the  figure,  having  a  convex  lens  at  one 
end,  and  a  square  hole  at  the  other.  On  looking  through  it,  the  sauare  hole 
appears  double ;  one  image  belongs  to  the  ordinary  and  the  otner  to  the 
extraordinary  ray.  When  apleochroic  crystal  is  examined  with  it,  by  trana> 
mitted  light,  on  revolving  it,  the  two  squares,  at  intervals  of  90^  in  tm  revo 
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latian,  have  different  colors,  corresponding  to  the  direction  of  the  vibrations 
of  the  ordinary  and  extraordinary  ray  in  calcite.  Since  the  two  image8~aro 
6itiiaf^4  side  by  side,  a  very  slight  difference  of  color  is  perceptible. 
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8.  LuSTBB. 

The  Instre  of  minerals  varies  with  iihe  natare  of  their  surfaces.  A  varia- 
tion in  the  quantity  of  light  reflected,  produces  different  degrees  of  intensity 
of  lustre;  a  variation  in  the  nature  of  the  reflecting  surface  produces 
different  kinds  of  lustre. 

A.  The  kinch  of  lustre  recognized  are  as  follows : 

1.  MetaUie  :  the  lustre  of  metals.  Imperfect  metallic  lustre  is  expressed 
by  the  term  svh-metaUic. 

2.  Adamantine:  the  lustre  of  the  diamond.  When  also  sub-metallic,  it 
18  termed  metallio^idamantiTie.    Ex.  cerussite,  pyrargyrite. 

3.  Vitreotcs :  the  Instre  of  broken  glass.  An  imperfectly  vitreous  lustre 
is  termed  sub-vitreovs.  The  vitreous  and  sub-vitreons  lustres  are  the  most 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  emi- 
nent degree ;  calcite,  often  the  latter. 

4.  Resinous :  lustre  of  the  yellow  resins.  Ex.  opal,  and  some  yellow 
varieties  of  sphalerite. 

5.  Pearly:  like  pearl.  Ex.  talc,  brncite,  stilbite,  etc.  Wlien  united  with 
Biib-metallic,  as  in  hvpersthenite,  the  term  metaUic-^pea/rly  is  used. 

6.  Silky  :  like  silk ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous 
calcite,  fibrous  gypsum. 

B.  The  degrees  of  intensity  are  denominated  as  follows: 

1.  Splendent :  reflecting  with  brilliancy  and  giving  well-defined  images. 
Ex.  hematite,  eassiterite. 

2.  Shining:  producing  an  image  by  reflection,  but  not  one  well  deflned. 
Ex.  celestite. 

8.  OUstening :  affording  a  general  reflection  from  the  surface,  but  no 
image.    Ex.  talc,  chalcopyrite. 

4.  Olimmerirvg:  nffoming  imperfect  reflection,  and  apparently  from 
points  over  the  surface.    Ex.  flint,  chalcedony. 

A  mineral  is  said  to  be  duU  when  there  is  a  total  absence  of  histre.  Ex. 
ehalk,  the  ocbi-es,  kaolin 
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TIio  tnie  difference  betweeit  metallic  and  vitreons  lustre  is  due  to  tht 
effect  vrhich  the  different  surfaces  have  upon  the  reflected  light ;  in  general, 
the  lustre  is  produced  by  the  union  of  two  simultaneous  impressions  made 
upon  the  eye.  If  the  light  reflected  from  a  metallic  surface  be  examined 
by  a  Nicol  prism  (or  the  dichroscope  of  Haidingcr),  i\  will  be  found  that 
both  rays,  tnat  vibrating  in  the  plane  of  incidence  and  that  whose  vibra- 
tions are  normal  to  it,  are  alike,  each  having  the  color  of  the  material,  only 
differing  a  little  in  brilliancy  ;  on  the  contrary,  of  the  light  reflected  by  a 
vitreous  substance,  those  rays  whose  vibrations  are  at  right  angles  to  the 
plane  of  incidence  are  more  or  less  polarized,  and  are  colorless.  While  those 
whose  vibrations  are  in  this  plane,  having  penetrated  somewhat  into  the 
medium  and  8uft'ei*ed  some  absorption,  show  the  color  of  the  substance 
itself.  A  plate  of  red  glass  thus  examined  will  show  a  colorless  and  a  red 
image.    Adamantine  lustre  occupies  a  position  between  the  others. 

The  different  degrees  and  kinds  of  Instre  are  often  exhibited  differentlj  by  nnlike  faoea  of 
the  same  cxystal,  but  always  similarly  by  like  f aoes.  The  lateral  faces  of  a  right  square 
prism  may  thus  differ  from  a  terminal,  and  in  the  right  reotangolar  prism  the  lateral  faces 
also  may  differ  from  one  another.  For  example,  the  basal  plane  of  apophyllite  has  a  pearly 
Instre  wanting  in  the  prismatic  planes.  .  The  surf aoe  of  a  cleavage  plane  in  foliated  minersls, 
^  very  commonly  differs  in  lustre  from  the  sides,  and  in  some  oases  the  latter  are  Yitreou& 

-  while  the  former  is  pearly.    As  shown  by  Haidinger,  only  the  yitreous,  adamantine,  and 
'  metallic  lustres  belong  to  faces  perfectly  smooth  and  pure.     In  the  first,  the  index  of  refiac- 

-  tion  of  the  mineral  is  1  '3 — ^1  '8 ;  in  the  second,  1*0 — ^2*5 ;  in  the  third,  about  2 '5.     The  pearly 

-  Instro  is  a  result  of  reflection  from  numberlen  lameLUs  or  lines  within  a  translucent  mineral, 
..Ml long  since  observed  by  Breithaupt 

IV.  HEAT. 

The  expansion  of  crystallized  minerals  by  heat  depends,  as  directly  as 
'  their  optical  properties,  on  the  symmetry  of  their  molecular  structure  as 
shown  in  their  crystalline  form.    The  same  three  classes  as  before  are  diB- 
tinguished : 

A,  Isometric  crystals,  where  the  expansion  is  in  all  directions  alike. 

B,  Isodiametrio  crystals,  of  the  tetragonal  and  hexagonal  systems.  Ex- 
pansion vertically  unlike  that  laterally,  but  in  all  lateral  directions  alike. 

C\  AnisometriCy  of  the  orthorhombic,  raonoclinic,  and  triclinic  systems. 
Expansion  unlike  in  the  three  axial  directions.  The  expansion  by  heat  in 
the  case  of  crystals  may  serve  to  alter  the  angles  of  the  form,  but  it  lias 
been  shown  that  the  zone  relations  and  the  crystalline  system  remain  con- 
stant 

Mitsoherlich  found  that  in  caldte  there  was  a  diminution  of  8'  87'  in  the  angle  of  the 
rhombohedron,  on  passing  from  32°  to  212°  F. ,  tiie  form  thus  approaching  that  of  a  cube,  as 
the  temperature  increased.  Dolomite,  in  the  same  range  of  temperature,  diminishes  4'  46': 
and  in  aragonite,  between  63°  and  2i2°  F.,  the  angle  of  the  prism  diminishes  2'  46",  and 
l-{  :  1-i increases  5'  80';  in  gypsum,  /:  i-i  is  increased  6'  24",  /:  1,  4'  12',  and  l-t :  wis 
diminished  T  24'.  In  some  rhombohedrons,  as  of  calcite,  the  vertiGal  axis  is  lengthened 
(and  the  lateral  shortened),  whUe  in  others,  like  quartz,  the  reverBO  is  true.  The  variatiaiii 
is  such  either  way  that  the  double  refraction  is  diminished  with  the  inorease  of  heat ;  foi 
addte  possesses  negative  double  refraction,  and  quarts,  positiye. 

The  conductive  power  of  a  crystal  depends,  as  does  expansion,  on  the 
Aymmetiy  of  it«  crystalline  form ;  this  is  also  true  of  its  power  of  •  trans' 
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mittfaig  or  absorbing  heat  It  follows,  moreover,  from  the  analogons  nature 
of  heat  and  light,  that  heat  rays  are  polarized  by  reflection,  an  d  by  transmission 
in  anisotrope  media,  in  the  same  way  as  the  rays  of  light.  These  subjects, 
considered  solely  in  their  relation  to  Mineralogy,  are  of  minor  importance ; 
they  belong  to  works  on  Physics,  and  reference  may  be  made  to  thoee 
whose  titles  are  given  in  the  Introdaction,  as  also  to  the  works  of  Schranf 
and  Oroth. 

The  change  in  the  optical  properties  of  crystals  prod  need  by  heat  has 
already  been  noticed  (p.  151). 


V.  ELEOTRICITT— MAGNETISM. 

The  electric  and  magnetic  characters  of  crystals,  as  their  relations  to  heat, 
hear  bat  slightly  upon  the  science  of  mineralogy,  although  of  high  interest 
to  the  student  of  phjsics. 

Frictional  dectndty. — The  development  of  electricity  hy  friction  is  a 
familiar  fact.  AW  minemls  become  electric  by  friction,  although  the 
degree  to  which  this  is  manifested  depends  upon  their  conducting  or  non- 
conducting power.  There  is  no  line  of  distinction  among  minerals,  divid- 
ing them  into  positively  electric  and  negatively  electric ;  tor  both  kinds  of 
electricity  may  be  presented  by  different  varieties  of  the  same  species,  and 
by  the  same  variety  in  difPerent  states.  The  gems  are  positively  electric 
only  when  polished ;  the  diamond  alone  among  them  exhibits  positive  elec- 
tricity whether  polished  or  not.  The  time  of  retaining  electric  excitement 
18  widely  different  in  different  species,  and  topaz  is  remarkable  for  continu- 
ing^excited  many  hours. 

Pressure  also  develops  electricity  in  many  minerals ;  calcite  and  topaz 
are  examples. 

Pyro-electricity, — A  decided  change  of  temperature,  through  heat  or 
cold,  develops  electricity  in  a  large  number  of  minerals,  which  are  hence 
i^\^  pyro^electric.  This  property  is  most  decided,  and  was  firat  observed 
in  a  series  of  minerals  which  are  hemimorphic  or  hemihedral  in  their 
development.  The  electricity  in  these  minerals  is  of  opposite  character  in 
the  parts  dissimilarly  modified.  Thus  in  tourmaline  and  calamine,  the 
crystals  of  which  are  often  differently  modified  at  the  two  extremities,  posi- 
tive and  negative  electricity  are  developed  at  these  extremities  or  poles 
respectively.  Wlieu  the  extremity  becomes  positive  on  heating  it  has  been 
called  the  analogue  pole,  and  when  it  becomes  negative,  it  has  been  called 
the  antHogue.  The  names  were  given  by  Hose  ana  Kiess,  who  investigated 
these  phenomena.  For  a  change  of  temperature  in  the  opposite  direction, 
that  is,  cooling,  the  reverse  electrical  effect  is  observed. 

Boracite,  on  whose  crystals  the  +  and  — .  tetrahedrons  often  occur,  shows 
by  heating  the  positive  electricity  for  the  faces  of  one  tetrahedron  and  the 
ne&nitive  for  those  of  the  other. 

Fmther  investigations  by  Hankel  and  others  (see  Literature)  have  ex- 
tended the  subject  and  shown  that  the  phenomena  of  pyro-electricity  belong 
to  the  crvstals  of  a  large  number  of  species.  Moreover,  it  is  not,  as  once 
Bnpposed,  essentially  connected  with  hemihedral  development  Tiie  num- 
ber of  poles,  too,  may  be  more  tlian  two,  that  is,  tlie  points  at  which  poai 
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tive  and  negative  electricity  is  developed.  Tiiiis  for  prehnite  there  Is  a 
large  series  of  such  poles,  distribated  over  the  surface  of  a  cr}'stal.  The 
investigations  of  Hankel  have  shown  in  general,  that  in  crystals  not  hemi- 
hediiilly  developed,  the  same  electricity  is  developed  at  both  extremities  of 
tlie  same  axis,  and  the  distinction  between  positive  and  negative  electricity 
is  only  shown  by  reference  to  the  different  crystallographic  axes ;  on  syiu- 
metrically  formed  crystals  of  the  isodiametric  class  tiie  electricity  is  the 
same  in  all  lateral  directions,  that  is,  on  all  prismatic  planes,  while  cliffereut 
at  the  extremities  of  the  vei*tical  axis. 

ThemKhdectricity, — ^When  two  different  metals  are  brought  into  con- 
tact, a  stream  of  electricity  passes  f  )x>m  one  to  the  other.  If  one  is  heated 
the  effect  is  more  decided  and  is  sufficient  to  deflect  more  or  less  vigoronsly 
the  needle  of  a  galvanometer.  According  to  the  direction  of  the  current 
produced  by  the  different  metallic  substances,  they  are  arranged  in  a 
thermo-electrical  scries;  the  extremes  are  occupied  by  antimony  (-H)  and 
bismuth  {—\  the  electrical  stream  passing  from  bismuth  to  antimony. 

This  subject  is  so  far  impoiliant  for  mineralogy,  as  it  was  shown  by 
Bunsen  that  the  natural  metallic  sulphides  stand  further  off  in  the  series 
than  antimony  and  bismuth,  and  consequently  by  them  a  stronger  stream 
is  produced.  The  thermo-electrical  relations  of  a  large  number  of  minerals 
was  determined  by  Flight  (Ann.  Oh.  Pharm.,  cxxxvi.). 

It  was  early  observed  tliat  some  minerals  have  varieties  which  are  both 
-f  and  — .  This  fact  was  made  use  of  by  Rose  to  show  a  relation  between 
the  plus  and  minus  hemihedral  varieties  of  pyrite  and  cobaltite.  The  later 
investigations  of  Schrauf  and  Dana  have  shown,  however,  that  the  same 
peculiarity  belongs  also  to  glaucodot,  tetradymite,  skutterudite,  danaitc,  and 
other  minerals,  and  it  is  demonstrated  by  them  that  it  cannot  be  dependent 
upon  crystalline  form,  but,  on  the  contrary,  upon  chemical  composition. 

Magnetism. — The  magnetic  properties  of  crystals  are  theoretically  of 
interest,  since  they,  too,  hke  the  optical  and  thermic,  are  directly  dependent 
upon  the  form  ;  hence,  witli  relation  to  magnetism  they  group  them8elve8 
into  the  same  three  classes  before  referred  to. 

All  substances  are  divided  into  two  classes,  the  pararruignetic  and  dia- 
magnetic^  according  as  they  are  attracted  or  repelled  by  the  poles  of  a  mag 
net.  For  purposes  of  experiment  the  substance  in  question,  in  the  form  uf 
a  rod,  is  suspended  between  the  poles  of  the  magnet,  being  movable  on  a 
horizontal  axis.  If  of  the  first  class,  it  will  take  a  position  jHiralldf  and  if 
of  the  second  class,  transversey  to  the  magnetic  axis. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experi- 
ment has  shown  that  in  isometric  crystals  the  magnetism  is  alike  in  all 
directions  ;  in  those  optically  uniaidal,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetism ;  in  biaxial  crystals,  that 
there  are  three  unequal  axes  of  magnetism,  the  position  of  which  may  be 
determined. 

A  few  minerals  have  the  power  of  exerting  a  sensible  influence  upon  th« 
magnetic  needle,  and  are  hence  said  to  be  magnetic  This  is  true  of  mag- 
netite and  pyrrhotite  (magnetic  pyrites)  in  particular,  also  of  franklinitei 
almandite,  and  other  minerals,  containing  considerable  iren  pretoxide  (FeO). 
When  such  minerals  in  one  part  attract  and  in  another  repel  the  poles  of 
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the  magnet,  they  are  said  to  -poeaeBs  jpolarUy.    ThiB  is  true  of  the  variety  of 
magnetite  called  in  popular  language  loadstorte. 
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VL  TASTE  AND  ODOR 

In  their  action  upon  the  senses  a  few  minerals  possess  tasie^  and  othen 
nuder  some  circumstances  give  off  odor. 

TissTB  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  i*eference  are  as  follows : 

1.  Astringent ;  the  taste  of  vitriol. 

2.  Sweetish  astrinaent  /  taste  of  alum. 
8.  Saline  f  taste  of  common  salt* 

4.  Alkaline  ;  taste  of  soda. 

5.  Cooling;  taste  of  saltpeter. 

6.  Bitter ;  taste  of  epsoin  salts. 

7.  SouT  :  taste  of  sulphuric  acid. 

Odob. — ^Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the  dry 
unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
odors  are  sometimes  obtained  which  are  thus  designated : 

1.  AUidceous  /  the  odor  of  garlic.  Friction  ot  ai-sonical  iron  elicits  this 
odor;  it  may  also  be  obtained  fi*om  arsenical  compounds,  by  means  of  heat. 

2.  Horse-radish  odor ;  the  odor  of  decaying  horse-radish.  This  odor  ie 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

8.  Sulphureous ;  friction  elicits  this  odor  from  pyrite  and  heat  from 
many  sulphides. 

4.  Bituminous  /  the  odor  of  bitumen. 

5.  Fetid/  the  odor  of  sulphuretted  hydi'Ogen  or  rotten  eggs.  It  is  eli- 
cited by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  ArgiUaceaus  y  the  odor  of  moistened  clay.    It  is  obtained  from  ser 

*  See  also  on  p.  190. 
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pentine  and  some  allied  minerals,  after  moistening  them  with  tihc  breatli; 
others,  as  pyrargillite,  afford  it  when  heated. 

The  Feel  is  a  character  which  is  occasionally  of  some  importance ;  it  is 
said  to  be  smooth  (sepiolite),  greasy  (talc),  harsh^  or  ineagre^  etc.  Some 
minerals,  in  consequence  of  their  hygroscopic  characteFi  adhere  to  t\e  tongue^ 
when  brought  in  contact  with  it 


SECTION  n.— SUPPLEMENTARY  CHAPTER 

I.  COHESIO]^  AlifD  ELASTICITY   (pp,  119  tO  122). 

Thb  etching-figures  (Aetzfiguren)  produced  by  the  action  of  appropriate 
solvents  upon  the  surfaces  of  crystals  have  been  further  investigated  m  the 
case  of  a  considerable  number  of  minerals,  and  the  results  have  in  some 
cases  served  to  throw  light  upon  the  question  as  to  which  crystalline  system 
a  ^ven  species  belong.  See  the  investigations  of  Baumhauer  of  the 
etching-figures  of  lepidolite,  tourmaline,  topaz,  calamine,  Jahrb.  Min.,  1876, 
i. ;  pyromorphite,  mimetite,  vanadinite,  ib.,  1876,  411  ;  of  adularia,  albite, 
fluorite,  ib.,  1876,  602  ;  of  leucite,  Z.  Kryst.,  i.,257,  1877;  quartz,  ib.,  ii., 
117,  1878  ;  mica  (zinnwaldite),  ib.,  iii.,  113,  1878;  boracite,  ib.,  iii.,  337, 
1879;  perofskite,  ib.,  iv.,  187,  1879;  nephelite,  ib.,  vi.,  209, 1882.  (For 
earlier  papers  giving  results  of  etching  experiments  on  muscovite,  garnet, 
linnsBite,  biotite,  enidote,  apatite,  gypsum,  in  Ber.  Ak.  Mflnchen,  1874, 
245;  1876,  99.)  On  the  etching-figures  of  alum,  see  Fr.  Klooke,  Z. 
Kryst.,  ii.,  126,  1878  ;  of  the  different  micas,  F.  J.  WiiK,  Oefv.  Finsk.  Vet. 
Soc,  xxii.,  1880. 

On  the  artificial  twins  (twinning-plane  — ^i?)  of  calcite  produced  by 
simple  pressure  with  a  knife-blade  on  the  obtuse  edge  of  a  cleavage  frag- 
ment, see  Baumhaxteb,  Zeitschr.  Kryst.,  iii.,  «588.  1879  ;  Brezina,  ib.,  iv., 
518,  1880.  The  fragment  should  have  a  prismatic  form,  say  6-8  mm.  in 
length  and  3-G  mm.  m  breadth,  and  be  placed  with  the 
obtuse  edge  on  a  firm  horizontal  support.  The  blade 
of  an  ordinary  table-knife  is  then  applied  to  the  other 
obtuse  edge,  as  at  a  (f.  412a),  and  pressed  gradually  and 
firmly  down.  The  result  is  that  the  portion  of  the  crys- 
tal lying  between  a  and  b  is  reversed  in  position,  as  if 
twinned  parallel  to  the  horizontal  plane  — J-B.  The 
twinning  surface,  gee,  is  perfectly  smooth,  and  the 
ro-entrant  angle  corresponds  very  exactly  with  that  required  by  theory 
(Brczina).  Earlier  observations  by  Pfan  and  Kensch  have  shown  that 
twin  ]amella9  (— i-B)  may  be  produced  in  a  cleavage  mass  of  calcite  of 
prismatic  form,  by  simple  pressure  exerted  perpendicular  to  a  straight  ter- 
minal plane.  Such  twinning  lamellsB  are  often  observed  in  thin  sections  of 
a  crystalline  limestone  when  examined  in  polarized  light  under  the  micro- 
scope. 

On  the  application  of  the  fracture-figures  (Schlagfiguren)  in  the  optical 
examination  of  the  mica  species  see  Bauer,  ZS.  G.  Ges..  xxvi.,  137,  1874 
(for  earlier  papers  see  p.  122)  ;  Tschermak,  Z.  Kryst.,  ii.,  14,  1877.  On 
the  occurrence  of  Gleitflachen  on  galena  see  Bauer,  Jahrb.  Min..  1882,  i., 
183. 

II.   BPBCinC  GRAVITY  (pp.  123,  124). 

Use  of  a  Solution  of  high  Specific  Gravity. — ^A  solution  of  mercuric 
iodide  in  potassium  iodide  (Hg,I  in  KD  affords  a  means  of  readily  ob- 
taining the  specific  gravity  oi  any  mineral  not  acted  upon  by  it  chemically, 
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and  for  which  G.  <  3«1 ;  and  also  of  separating  from  each  other  minerals  of 
different  densities,  when  intimately  mixed  in  the  form  of  small  fragments. 
The  solution  is  called  the  Sonstadt  solution,  having  been  first  proposed 
by  E.  Sonstadt  in  1873  (Chem.  News,  xxix.,  127)  ;  its  application  for  the 
above  objects  was  proposed  bv  Chubch  in  1877  (Min.  Mag.,  i.,  237) ;  and 
the  method  elaborated  by  Thoulet  in  1878  (C.  R.,  Feb.  18,  1878  ;  Bull. 
Soc.  Min.,  ii.,  17,  189,  1879),  and  later  by  Goldschmidt  (J.  Min.,  Beil.- 
Bd.,  i.,  179,  1881). 

The  solution  is  prepared  (Goldschmidt)  as  follows  :  The  KI  and  HgJ 
are  taken  in  the  ratio  of  1:1'239,  and  introduced  into  a  volume  of  water 
slightly  greater  than  is  required  to  dissolve  them  (say  80  cc.  to  500  gr.  of 
the  salts) ;  the  solution  is  then  filtered  in  the  usual  way  and  afterward  evap- 
orated down  in  a  porcelain  vessel,  over  a  water-bath,  until  a  crystalline  scum 
begins  to  form,  or  when  a  fragment  of  tourmaline  (G.  =3*1)  floats  ;  on  cooling, 
the  solution  has  its  maximum  density.  If  the  mercuric  iodide  is  not  quite 
pure  a  small  quantity  in  excess  of  that  required  by  the  above  ratio  mnst  be 
taken.  The  highest  specific  gravity  for  the  solution  obtained  by  Gold- 
schmidt was  3*196,  a  solution  in  which  fiuorite  floats.  This  maximum  is 
not  quite  constant,  varying  with  the  moisture  of  the  atmosphere  and  with 
the  temperature. 

The  method  of  using  the  solution  for  obtaining  the  specitio  gravity  of 
small  fragments  of  any  mineral  is,  according  to  Goldschmidt,  as  follows :  The 
fragment  ai*e  introduced  into  a  tall  beaker,  say  40  cc.  capacity,  with  a  por- 
tion of  the  concentrated  solution  ;  then  water  is  added  drop  by  drop  (or  a 
dilute  solution  of  the  same  for  high  densities)  from  a  burette,  until  the  irag- 
ments,  after  being  agitated,  are  just  suspended,  and  remain  so  without  either 
rising  or  falling.  This  process  requires  care  and  precision,  since  the  princi- 
pal error  to  which  the  method  is  liable  is  involved  here.  The  solution  is  now 
introduced  into  a  little  glass  flask,  graduated  say  to  hold  just  25  cc,  and  this 
amount  having  been  exactly  measured  off,  the  weight  is  taken  ;  then  the 
solution  is  poured  back  into  the  original  beaker  and  the  fact  noted  whether 
the  fragments  still  remain  suspended  ;  then  introduced  again  into  the  flask 
and  weighed,  and  so  a  third  time.  The  average  result  of  the  three  weigh- 
ings, diminished  by  the  known  weight  of  the  flask  and  divided  by  25,  gives 
the  specific  gravity.  The  exact  measurement  of  the  25  cc.  is  a  matter  of 
importance,  and  is  most  easilj  accomplished  by  adding  at  first  a  little  more 
than  enough  and  then  removing  the  excess  by  a  capillary  tube  or  a  piece  of 
filter  paper  ;  the  reading  is  best  taken  from  the  lower  edge  of  the  meniscus. 
It  is  not  necessary  to  clean  and  dry  the  flask  each  time.  The  weighing  need 
not  be  very  accurate,  as  an  error  oi  25  mgr.  onlv  involves  a  change  of  a  unit 
in  the  third  decimal  place  (-001).  The  describer  readilv  obtained  results 
accurate  to  three  decimals.  The  advantages  of  the  method  are  that  it  is 
readily  applicable  in  the  case  of  small  fragments  (dust  is  to  be  avoided),  it  is 
easily  used,  and  any  want  of  homogeneity  in  the  mineral  makes  itself  at  once 
apparent. 

This  solution  is  also  most  useful  in  affording  a  means  of  separating  me- 
chanically different  minerals  when  intimately  mixed  together ;  as,  for  example, 
in  a  fine-grained  rock.  For  this  purpose  the  rock  must  first  be  pulverized 
in  a  steel  mortar,  then  put  througn  a  sieve,  or  better,  through  several,  so  as 
to  obtain  a  series  of  sets  of  fragments  of  different  size ;  the  dust  is  rejected. 
The  fragments  should  be  examined  under  the  microscope*  to  see  that  they  are 
homogeneous ;  the  largest  fragments  satisfying  this  condition  will  give  the 
best  results. 
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According  to  Thoulet  the  beet  method  of  procedure  is  to  first  detennine  the 
density  of  uie  fragmeDts  approximately  by  inserting  typical  ones  in  a  series 
of  samples  of  the  solution  of  gradually  increasing  density.  This  point  deter- 
mined, some  60  cc.  of  the  concentrated  solution  are  introduced    

into  the  tube.  A,  and   1  or  2  grams  of  the  weighed  fragments  o — Y 
added.      Then  the  tightly-fitting  rubber  cork  with  the  tube,         jV 
f\  is  inserted  ;  the  tube,  F,  is  connected  by  a  rubber  tube  with         W 
an  air  pump,  and  the  air  bubbles  are  in  this  way  removed  from 
the  powder.    The  heavy  parts  of  the  mixture  fall  to  the  bottom, 
and  are  removed  by  opening  the  stop-cock  at  C,  and  are  washed 
out  by  use  of  the  tube,  B ;  the  other  fragments  float.     Now  a 
(quantity  of  distilled  water  is  added  in  order  so  to  dilute  the  solu- 
tion as  to  cause  the  next  heavier  portions  to  sink,  as  determined 
by  the  equation 


v(D 


A) 


0 


c 


A    —  1 


where  v  =  volume  of  the  solution,  D  its  specific  gravity,  Vi  the 
volume  of  the  water,  and  A  the  density  desired.  The  cock 
at  D  is  shut  and  that  at  C  opened  and  air  blown  through  the 
side  tube,  so  as  to  mix  the  solution  thoroughly ;  then  the  original 
operation  is  repeated,  and  so  on. 

GoLDSCHMiDT  recommends  the  following  method  of  procedure. 
The  separation  is  conducted  in  a  small  slender  beaker  of  about 
40-50  cc.  capacity.  Instead  of  the  series  of  standard  solutions 
(tlie  densit]^  of  which  is  liable  to  alter)  a  series  of  minerals  of 
known  specific  gravity  are  used  as  indicators  ;  by  means  of  them  it 
is  easy  to  determine  the  limits  as  to  density  wnich  are  required  to  make  the 
separation  desired,  the  constituent  minerals  having  been  determined  by  the 
microscope.  For  example,  suppose  it  to  be  desired  to  separate  augite,  horn- 
blende, oligoclase,  and  orthoclafie  ;  labradorite  and  albite  are  taken  as  indica- 
tors. Au^te  falls  at  once  in  the  concentrated  solution ;  if  diluted  till  the  lab- 
radorite smks,  all  the  hornblende  ^oes  down  ;  before  or  with  the  albite  the 
oli^oclase  sinks,  and  the  orthoclase  is  left  suspended.  By  the  use  of  the  25  cc. 
flask,  the  exact  speciflc  gravity  in  each  case  can  be  obtained  if  desired.  The 
operation  of  separation  goes  on  as  follows  :  The  rock  powder  and  the  indicators 
are  inserted  with  say  30  cc.  of  the  concentrated  solution  into  the  beaker  spoken 
of, then  the  whole  is  stirred  vigorously  and  allowed  to  settle,  and  the  lighter  part 
decanted  off.  The  heavier  part  which  has  settled  is  removed  with  a  jet  from 
a  wash  bottle,  without  disturbing  the  lighter  fragments  adhering  to  the  upper 
part  of  the  beaker.  The  latter  are  subsequently  removed,  washed,  dried, 
again  washed  in  the  solution,  and  added  to  the  rest  for  the  further  separation. 
If  the  separations  accomplished  in  this  way  are  not  complete,  they  may  be 
repeated  most  conveniently  with  the  Thoulet  apparatus.  Under  favorable 
conditions,  and  if  the  manipulation  is  skilful,  the  separation  can  be  accom- 
plished with  considerable  exactness.  For  the  best  results  the  process  must  be 
repeated  several  times. 

Thoulet  recommends  also  (1.  c.)  this  method  of  determining  the  specific 
gravity  of  small  fragments  of  minerals.  A  float  of  wax  (inclosing  any  suit- 
able solid  body)  is  made  with  a  specific  gravity  of  from  1  to  2.     The  frag- 
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ments  ot  the  mineral  are  lightly  pressed  into  the  wax  float,  and  this  intro- 
duced into  the  Sonstadt  solution,  of  such  strength  that  the  float  remains  in 
equilibrium  at  any  level.     If  P,  V,  D  are  respectiyely  the  weight,  volume, 

and  density  of  the  float  alone  (  ^~  77)  and/?,  v,  d  the  same  values  for  the 

fragments  alone  (^  =  "^j  and  finally  A  the  density  of  the  liquid  in  which 
the  loaded  float  is  in  equilibrium  ;  then 

A=^^±-^        or        rf=___£j^__ 

d 

Bbeon  has  proposed  (Bull.  Soc.  Min.,  iii.,  46,  1880)  the  following  method 
for  separating  different  minerals  intimately  mixed,  which  is  applicable  in 
cases  where  their  density  is  greater  than  that  of  the  Sonstadt  solution.  Lead 
chloride  and  zinc  chloride,  m  appropriate  proportions,  are  fused  together  (at 
400°  C.)  and  by  this  means  a  transparent  or  translucent  solution  is  obtained 
of  high  specific  gravity.  Briefly,  the  method  of  procedure  is  as  follows  :  A 
conical  tube  of  glass  is  taken,  of  about  12  to  15  cc.  capacity  ;  this  will  allow  of 
the  treatment  of  4  or  5  grams  of  the  mixed  minerals.  The  chlorides  of  lead 
and  zinc,  in  approximately  the  proper  proportions,  are  placed  in  the  glass  tube 
and  this,  sun'ounded  by  sand,  insertea  in  a  platinum  crucible.  On  the  ap- 
plication of  heat  the  zinc  chloride  fuses  first,  but  finally  a  homogeneous  mix- 
ture of  the  two  liquids  is  obtained.  Now,  little  by  little,  the  mineral  frag- 
ments are  introduced  and  the  li(juid  stirred  ;  then  on  allowing  it  to  stand  for 
a  moment  the  heavier  particles  sink  to  the  bottom  and  the  lighter  ones  float 
The  tube  is  now  removed  from  its  sand  bath  and  cooled  rapidly.  When 
solidified  but  still  hot  the  glass  may  be  plunged  into  cold  wat«r,  in  which 
case  it  will  be  broken  and  the  fragments  can  be  removed,  so  that  the  fused 
mass  within  can  be  obtained  free.  Subsequently  the  fragments  in  the  upper 
and  lower  parts  of  the  mass  can  be  separated  by  solution  in  water  to  whicn  a 
little  acetic  acid  has  been  added.  The  author  nas  operated  on  minerals  vary- 
ing from  wolframite  (G.  =  7»5)  to  beryl  (G.  =  2-7),  and  in  some  samples 
of  sand  has  separated  as  many  as  12  constituent  minerals. 

D.  Klein  (Bull.  Soc.  Min.,  iv.,  149,  1881)  has  proposed  to  use  one  of  the 
boro-tungstate  salts  in  the  place  of  the  Sonstadt  solution  for  the  separation 
of  minerals  whose  specific  gravity  is  as  high  as  3-6.  The  most  suitable  salt 
for  this  purpose  is  the  cadmium  compound,  H4Cd«B*W90»4  +  16  aq.  It  dis- 
solves at  22°  C.  in  about  ^  its  weignt  of  water,  and  crystallizes  out  both 
on  evaporation  and  cooling.  At  75°  C.  it  melts  (best  over  a  water-bath)  in 
its  water  of  crystallization  to  a  yellow  liquid,  on  the  surface  of  which  a 
spinel  crystal  (6.  =3*55)  floats.  By  the  application  of  the  Thoulet  ap}>ara- 
tus  (see  above),  so  arranged  as  to  allow  of  the  application  of  heat,  solutions 
of  any  specific  gravity,  hot  or  cold,  from  1  to  3-6,  can  be  obtained.  A  num- 
ber of  common  minerals  fe.  g.  chrysolite,  epidote,  vesuvianite,  some  varie- 
ties of  amphibole  and  mica)  can  be  separated  by  the  use  of  this  liquid,  while 
the  Sonstadt  solution  is  inapplicable.  The  fragments  under  examination 
must  be  free  from  the  carbonates  of  calcium  or  magnesium,  which  decom- 
pose the  boro-tungstate  of  cadmium. 
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III.    LIGHT  (pp.  125-168). 

Measurement  of  Indices  of  Refraction. 

For  the  determination  of  the  indices  of  refraction  of  ciystallized  minerals^ 
Tarious  improyements  have  been  made  in  former  methods  and  some  new 
methods  devised. 

Use  of  the  Horizontal  Ooniometer. — The  ordinary  method  for  determining 
the  index  of  refraction,  requiring  the  observation  of  the  angle  of  minimum 
deviation  (6)  of  a  light-ray  on  passing  through  a  prism  of  the  given  mate- 
rial,  having  a  known  angle  (a),  and  with  its  edge  cut  in  the  proper  direc- 
tion, has  already  been  mentioned  (p.  128).  The  two  measurements  required 
in  this  case  can  be  readily  made  with  the  horizontal  goniometer  of  Fuess, 
described  on  p.  115.  In  this  instrument  the  collimator  is  stationary,  being 
fastened  to  a  leg  of  the  tripod  support,  but  the  observing  telescope  with  the 
Teniiers  moves  treely.  In  the  use  for  this  object  the  graduated  circle  is  to  be 
clamped,  and  the  screw  attachments  connected  with  the  axis  carrving  the 
support,  and  the  vernier  circle  and  observing  telescope  are  to  be  loosened. 
The  method  of  observation  requires  no  further  explanation  (see  also  pp. 
141, 150). 

Total  Refiectrometer.—Y.  Kohlbausch  has  shown  (Wied.  Ann.,  iv.,  1, 1878) 
that  the  principle  of  total  reflection  (p.  128)  may  be  made  use  of  to  deter- 
mine the  index  of  refraction  in  cases  where  other  methods  are  inapplicable. 
No  prism  is  required,  but  only  a  small  fragment  having  a  single  polished 
surface ;  this  may  be  cut  in  any  direction  for  an  isotrope  medium  ;  it  should 
be  parallel  to  the  vertical  axis  in  a  uniaxial  crystal,  and  perpendicular  to  the 
acute  bisectrix  with  a  biaxial  crystal.  The  arrangements  required  are,  in 
their  simplest  form,  a  wide-mouthed  bottle  filled  with  carbon  disulphide 
(refractive  index  1*6)  ;  the  top  of  this  is  formed  by  a  fixed  graduated  circle, 
and  a  vertical  rod,  with  a  vernier  attached,  passes  through  the  plate  and  car- 
ries the  crystal  section  on  its  extremity,  immersed  in  the  liquid.  The  angle 
through  which  the  crystal  surface  lying  in  the  axis  is  turned  is  thus  meas- 
ured in  the  same  way  as  in  f.  412h,  by  the  vernier  on  the  stationarv  gradu- 
ated circle.  The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and 
through  this  passes  the  horizontal  observing  telescope,  arranged  for  parallel 
light.  The  rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper, 
through  which  the  diffuse  illumination  from  say  a  sodium  flame  has  access  ; 
the  rear  of  the  bottle  is  suitably  darkened.  When  now  the  observer  looks 
through  the  telescope,  at  the  same  time  turning  the  axis  carrying  the  crystal 
section,  he  will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique 
direction,  a  shan)  line  marking  the  limit  of  the  total  reflection.  The  angle 
is  then  measured  off  on  the  graduated  circle,  when  this  line  coincides  with 
one  of  the  spider  lines  of  the  telescope.  Now  the  crystal  is  turned  in  the 
oppoute  direction,  and  the  angle  again  read  off.  Half  the  observed  angle 
(2flr)  is  the  angle  of  total  reflection  ;  if  n  is  the  refractive  index  of  the  car- 
bon disulphide,  then  the  required  refractive  index  is  equal  to 

n  sin  a. 

Under  favorable  conditions  the  results  are  accurate  to  four  decimal  places. 
This  method  is. limited,  of  course,  to  substances  whose  refractive  index  is  less 
than  that  of  the  liquid  medium  with  which  the  bottle  is  filled.    With  a  seo- 
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tion  of  a  uniaxial  crystal^  whose  surface  is  mottt  conveniently  parallel  to 
the  vertical  axis,  the  method  is  essentially  the  same.     The  section  is  so 

})laced  that  in  it  the  direction  normal  to  the  optic  axis  is  horizontal.  The 
ight  will  be  here  separated  into  two  rays,  having  separate  limiting  surfaces, 
and  with  a  Nicol  prism  it  is  easy  to  determine  which  of  them  corresponds 
to  the  vibrations  parallel  and  perpendicular,  respectively^  to  the  optic  axis. 
For  biaxial  crystals  the  surface  should  be  normal  to  the  acute  bisectrix.  This 
will  give  by  actual  observation  the  values  of  a  and  y,  and  if  2E,  the  appa^ 
rent  axial  angle  in  air,  is  known,  then  /?,  the  mean  index  can  be  calculated 
(see  p.  150).  Instead  of  carbon  disulphide  the  Sonstadt  solution,  with 
fi  =  1.73,  can  be  employed.  The  total  reflectrometer  of  Kohlrausch  has  been 
adapted  in  practical  form  to  the  horizontal  goniometer  (f.  372a)  of  Fuess 
(see  Liebisch,  Ber.  (Jes.  Nat  Fr.  Berlin,  Dec.  16,  1879).  Klein  has  sug- 
gested some  improvements  (J.  Min.,  1879,  880),  and  Bauer  (J.  Min.,  1882, 
1.,  132)  has  shown  how  the  method  can  be  simply  applied  to  the  instrument 
for  the  measurement  of  the  optic  axial  angle  (f.  412H)y  and  without  its 
modification  in  any  important  respect 

Quincke  (abstract  in  Z.  Krvst.,  iv.,  540)  has  described  another  method 
for  obtaining  the  refractive  index  of  a  substance  on  the  principle  of  total 
reflection.  In  a  word,  it  consists  in  observing  on  a  spectrometer  the  limit- 
ing an^le  of  total  reflection  for  a  plane  section  of  the  substance  to  be  inves- 
tigateo,  brought  with  oil  of  cassia  between  two  flint  glass  prisms. 

SoBBY  (Proc.  Roy.  Soc.,  xxvi.,  384;  Min.  Mag.,  1.,  97,  194;  ii.,  1,  103) 
has  developed  the  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  first  described  by  Duke  de  Chaulnes  (1767),  and  has  shown  that 
under  suitable  conditions  it  allows  of  determinations  bein^  made  with  con- 
siderable accuracy.  This  method  consists  in  observing  the  aistance  {d)  which 
the  focal  distance  of  the  objective  is  changed  when  a  plane-plane  plate  of 
known  thickness  (t)  is  introduced  perpendicular  to  the  axis  of  tne  microscope 
between  the  objective  and  the  focal  point — here 
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Sorby  makes  use  of  a  ^lass  micrometer,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  are  ruled.  The  micrometer  screw  at  ^,  in  the 
Rosenbusch  microscope  (f.  412k,  p.  181),  makes  it  possible  to  measure  the 
distance  through  which  the  tube  is  to  oe  raised  and  lowered  down  to  -001 
mm. ;  consequently  both  t  and  d  can  be  obtained  with  a  high  degree  of 
accuracy. 

Baueb  has  shown  that  the  indices  of  refraction  mav  be  obtained  with  con- 
siderable accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances 
between  the  black  rings  in  the  interference  ngures  as  seen  in  homogeneous 
light.  The  relation  between  these  distances  and  the  optical  axes  of  elasticity 
was  established  by  Neumann  (Pogg.  Ann.,  xxxiii.,  257,  1834).  Bauer  has 
made  use  of  this  method  in  the  case  of  muscovite  (Ber.  Ak.  Berlin,  1877,  704). 
He  has  also  developed  the  same  method  as  applied  to  uniaxial  crystals  and 
employed  it  in  the  case  of  brucite  (ib.,  1881,  958). 

jPolarization  Instruments. 
Polarisccpe. — The  earlier  forms  of  polariscope  for  convergiiig  and  for  par- 
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allel  light,  as  arranged  by  Groth  and  constrncted  by  Fness,  are  shown  in  figs. 
384,  385,  p.  134.     The   moro 

recently    constructed    instrn-  ^*^  "-'^ 

ments  (see  Liebiscb,  1.  c,  p. 
342  et  Beq.),  with  some  impor- 
tant improvements,  are  ahown 
in  f.  413c   and  f.  412d.     The 

lower  tube,  /,  containing  the  I 

analvwr,  has  about  it  a  collar, 
/'  (see  detailii,  figure  412f), 
with  a  triangular  projection, 
oa  the  upper  edge ;  this  fita 
into  one  of  two  correspond' 
ing     triangular     depressions 

(0  and  46^)  in  the  surround-  > 

ing  tube,  g.  This  serves  to 
fix  the  position  of  the  tube, 
that  is,  of  the  Tibratiou-plane 
of  the  enclosed  Ninol,  with  ref- 
erence lo  tbo  fixed  arm,  £,  to 
which  the  verniers  are  at- 
tached, so  that  the  principal 
section  of  the  Kicol  either  co- 
incides with,  or  makes  an 
angle  of  45°  with  the  0°  lino 
of  the  verniers.  The  circle,  i, 
is  graduated  to  1°,  and  with 
the  vernier  gives  readings  to 
3';  the  section  to  bo  examined 
is  supported  at  k,  A  similar 
collar,  «,  surrounds  the  upper 
tube,  V,  by  which  the  posi- 
tion of  the  micrometer  (at  r) 
(tbis  micrometer  consists  of 
two  lines  at  ricbt  angles,  one 
of  which  is  graduated)  can  also 
be'flsed  relatively  to  the  ver- 
nier so  that  the  graduated  line 
of  the  micrometer  is  perpend io- 
nlar  to  the  plane  through  the 
axis  of  the  instrument  and  the 
leroof  the  vernier.  The  tube 
above  carrying  the  1!^ icol  has 
at  «  a  graduated  circle  which 
shows  therelative  directions  of 
the  vibration-planes  of  the  two 

Nicols.    The  lenses  at  n  and  o  *'^'- 

are  arranged  so  that  they  may  be  used  all  together,  when  strongly  converging 
light  is  needed,  or  the  small  lenses  may  be  removed,  so  that  three  combina- 
tions are  possible.  A  small  screw  at  a  makes  it  possible  to  adjust  the  position 
of  the  fflass  micrometer  so  that  it  shall  always  be  in  the  focus  of  the  lenses  at 
«,  a  point  vfaioh  rariea  according  to  the  oombiDation  of  lenses  employed. 
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Blauro8COpe-"Calderon'g  Plate. — The  stauroscope  is  eBsentiallytho  same  in- 
strument as  that  mentioned  in  f.  385.  Instead,  however,  of  employing  the 
Brezina  interference-plate  of  culcite,  a  double  plate  is  used,  as  Busgestca  by  Cal- 
deroQ{Z.  Etrst.,  ii.,  68).  This  plate  is,  in  fact,  an  artificial  twin,  and  is  made 
AS  follows:  Acalciterbomhohedron  is  cut  through  along  the  shorter  diagonal ; 
from  each  half  s  wedge-shaped  portion  is  cut  away  and  the  two  anrfacea  thns 
produced,  after  being  polished,  are  cemented  together.     A  plane- plane  plate  is 


then  cut  from  this  (compare  figure)  by  grinding 
away  the  angles  as  indicated  ;  this  plate  is  divided 
into  two  halves  by  the  line  of  eoparation  of  the 
artificial  twin.  Such  a  plate  is  very  sensitive,  and 
allows  of  very  exact  observations.  It  is  placed  at  m 
(t.  412d),  and  when  the  arrangements  are  completed 
■■^■■■'  "—1      the  dividing  line  of  the  catcite  exactly  coincides  with 

a  vibration -plane  of  one  of  the  two  Nicols.  A  diaphragm  is  placed  above 
with  holes  of  varying  size  according  to  the  minntenees  of  the  crystal  to  be 
examined.  The  stauroscopic  determinations  made  by  Calderon  showed  an 
error  of  only  3'  to  7', 

Axial-angle  Instrument  (see  p.  148).-^The  instrument  for  the  measure- 
ment of  the  angle  of  the  optic  axes  is  in  principle  essentially  that  of  Des 
Cloizeaox,  but  in  the  details  of  the  construction  various  improvements  have 

412H. 


been  introdoced  (see  t  <H2h).  The  same  arrRngement  of  adjustable  collars 
at  u'  and/*  is  employed  as  in  the  other  iDStniment«,  to  fix  the  position  of  the 
principal  sections  of  the  Ntcols  relatively  to  the  plane  passing  through  the  axis 
of  the  observing  t«leBCope  and  the  axis'of  rotation.  Instead  of  the  straight 
rod  in  f.  101,  in  the  pinoera  at  the  extremity  of  which  the  crystal  Bection  is 


polakization  uicrobgope. 
412k. 
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held,  there  is  here  an  arrangement  consisting  of  two  concentric  tabes,  taui' 
ing  independently,  but  so  as  to  be  clamped  at  e.  The  adjustable  disk  hav- 
ing a  horizontal  motion  at  F,  and  the  spherical  segment  at  H  (PetzTal 
flnpport)  allow  of  the  section  being  both  centered  and  adjusted. 

Polariscope  of  Adams-Schnetder. — A  polariscope  of  peculiar  construction, 
giving  a  very  large  field  of  view,  and  at  the  same  time  allowing  of  the  meas* 
arement  of  the  axial  angle,  wasproposed  in  1875  by  Adams  (Phil.  Mag.,  IV., 
].,  p.  13,1875;  v.,  viii,,  ^75),  The  same  instrument  has  been  further  devel- 
oped by  ScHNEiDEH  (Carl.  Hep.,  xv.,  744),  and  is  also  described  by  Beckb 
{Min.  Petr,  Mitth.,  ii.,  430,  1879).  The  pecnliarity  of  the  instrument  con- 
sists in  this,  that  the  middle  planoKtonTex  lenses  which  ordinarily  are  fixed 
to  the  upper  and  lower  lens  systems,  respectively  (see  o,  o,  o,  and  n,  n,  n,  in 
f.  412c),  are  here  separated  from  the  others  in  a  common  support,  and  to* 
gether  form  a  sphere.  The  course  of  the  light-rays  will  be  always  the  same, 
however  the  sphere  is  rotated  about  its  fixed  centre.  Between  the  semi- 
spherical  lenses  a  space  is  left,  and  here  is  introduced  the  section  to  be  ex- 
amined, which,  turning  with  the  surrounding  lenses,  can  obviously  be  made 
to  take  any  desired  position  with  reference  to  the  axis  of  the  instrument.  An 
appropriate  aiTangement  makes  it  possible  to  measure  the  angle  throngh 
which  the  section  must  be  rotated  to  bring  first  one  and  then  the  second 
optic  axis  in  coincidence  with  the  axis  of  the  instrument.  The  advantages 
of  the  instrnment  consist  in  the  fact  that  the  field  of  view  is  very  large,  and 
at  the  same  time  it  allows  of  plncing  the  section  in  any  desired  position  rela- 
tively to  the  axis.  Moreovec,  the  angle  measured  is  the  apparent  angle  for 
the  glass  of  which  the  lenses  are  made,  so  that  the  axes  are  visible  in  cases 
where  this  would  not  be  the  case,  because  of  total  reflection,  either  in  air  or 
in  oil. 

Polarization-Microscope. — The  investigation  of  the  form  and  optical  prop- 
erties of  minerals  when  m  microscopic  form,  as  they  occur,  for  example,  in 
rocks  of  fine  crystalline  structure,  has  been  mncn  facilitated  by  the  use 
of  instruments  specially  adapted  for  this  purpose.  The  most  serviceable 
polarizing  microscope,  for  general  nse,  is  that  described  by  Kosenbusch  ( Jahrb, 
Min.,  1876,  604),  and  made  by  R.  Puess,  of  Berlin.  A  sectional  view  is 
given  in  f.  412if.  The  essential  arrangements  are  as  follows  :  The  coarse  ad- 
justment of  the  tube  carrying  the  eye-piece  and  objective  is  accomplished  b; 
jj2^  the  hand,  the  tube  sliding  freely 

in  the  support,  p.  The  fine  ad- 
justment la  made  hy  the  screw, 
ff ;  the  screw-head  is  gradnated 
and  tnms  about  a  fixed  index 
attached  to  p.  by  this  means 
the  distance  throngh  which  the 
tube  is  raised  or  lowered  can 
be  measured  to  0-001  mm. ; 
this  is  important  in  determin- 
ing the  indices  of  refraction 
bv  the  De  Obanlnes-Sorby  meth- 
od (see  p.  178).  The  polarizinff 
Erism  (Bazumovsky)  is  placed 
slow  tne  stage  at  r,  in  a  sup- 
port, with  a  n-aduated  circle,  so 
that  the  position  of  its  vibriifon-plane  can  ne  fixed.  The  analyzing  prism 
is  placed   above  the  eye-pi€Ce  in  a  snppori:,  »,  which  may  be  removed  at 
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pleasure ;  the  edge  of  this  is  graduated  and  a  fized  mark  on  the  plate,  f^  makes 
it  possible  to  set  the  vibration-plane  in  any  desired  position.  When  both  prisms 
are  set  at  the  zero  mark^  their  vibration-planes  are  crossed  (±);  when  either 
is  turned  90%  the  planes  are  parallel  (|).  The  stage  is  made  to  rotate  about 
the  vertical  axis,  but  otherwise  is  fixed  ;  its  edge  is  graduated,  so  that  the 
angle  through  which  it  is  turned  can  be  measured  to  |°.  Three  adjustment 
screws,  of  which  one  is  shown  at  n^  n,  make  it  possible  to  bring  the  axis  of 
the  object  glass  in  coincidence  with  axis  of  rotation  of  the  s^ge  (see  fur- 
ther the  detailed  drawing  at  the  side). 

This  instrument  is  especially  applicable  to  the  study  of  the  form  and  opti- 
cal properties  of  minerals  as  tney  are  found  in  thin  sections  of  rocks  (on  the 
metnod  of  preparing  see  p.  159),  although  it  can  also  be  used  with  small  in- 
dependent crystals  and  crystalline  sections  or  fragments.  The  more  impor- 
tant points  to  which  the  attention  is  to  be  directed,  more  particularly  in  the 
case  of  minerals  in  sections  of  rocks,  are  :  (1)  crystalline  form,  as  shown  in 
the  outline  ;  (2)  direction  of  cleavage  lines ;  (3)  index  of  refraction  ;  (4) 
light  absorption  in  different  directions,  i.  e.,  dichroism  or  pleochroism  ;  (5) 
the  isotrope  or  anisotrope  character,  and  if  the  latter,  the  direction  of  the 
planes  of  light-vibration — this  will  generally  decide  the  question  as  to  the 
crystalline  system  ;  (6)  position  of  the  axial  plane  and  nature  of  the  axial 
interference  figures  when  they  can  be  observed,  and  the  positive  or  negative 
character  of  the  double  refraction  ;  (7)  inclosures,  solid,  liquid  or  gaseous. 

In  regard  to  these  several  points  a  few  general  remarks  may  be  made.* 

(1)  Crystailine  Form. — In  most  rocks  well  defined  crystals  are  rather  the  exception  than 
the  rule.  It  will  be  consequently  only  in  occasional  sections  (e.  g.  more  commonly  in  vol- 
canic rocks)  that  a  clear  crystalline  outline  is  observed.  The  form  of  this  outline  will  de- 
pend upon  the  direction  in  which  the  section  is  cut,  and  will  vary  as  it  varies  ;  this  fact 
will  explain  whv  in  a  given  rock  section  so  many  widely  different  forms  of  a  given  mineral 
are  observed  ;  this  irreKularity  is  increased  by  the  fact  that  the  crystals  may  be  more  or 
less  distorted.  For  tne  recognition  of  the  form,  consequently,  considerable  familiarity 
with  the  various  outlines  likely  to  occur  in  the  case  of  a  given  species  is  very  desirable. 

The  angles  between  any  two  crystalline  directions  is  obtained  by  first  brin^n^  one  of 
them  in  coincidence  with  a  spider  line  in  the  eye-piece,  the  adjustment  at  N  havmg  been 
previously  made,  and  then  noting  the  angle  through  which  the  crystal,  i.  e.,  the  stage, 
must  be  rotated  to  bring  the  other  direction  in  coincidence  with  the  same  spider  line. 

(2)  Cleauftge. — The  process  of  grinding  involved  in  the  making  of  a  thin  section  tends  to 
develop  the  cleavage  Imes.  Here  are  to  be  noted,  (1)  the  direction  of  cleavage  (measured 
as  above),  depending  on  the  direction  in  which  the  section  is  cut ;  and  (2)  the  character  of 
the  cleava^.  For  example,  a  basal  section  of  a  crystal  of  amphibole  shows  the  cleavage 
lines  paraUel  to  the  prism  (124^°);  a  vertical  section  shows  one  set  of  vertical  and  parallel 

*  For  the  full  development  of  this  subject,  see  the  works  of  Rosenbusch  and  Zirkel 
(titles  on  p.  111.)  7  olso  the  following  : 

BoaicKT,  £.  Elemente  einer  neuen  chemiseh-mikroskopischen  Mineral-  und  Gresteins- 
analyse,  72  pp.  4to,  Prag,  1877. 

Cohen,  E.  Sammlung  von  Mikrophotographieen  zur  Yeranschaulichung  dermikroskop* 
lahen  Structur  von  Mineralien  und  Oesteinen,  aufgenommen  von  J.  Grimm  in  Orenburg, 
1,  2,  8,  4,  5  htg„  Stuttgart,  1881-82. 

DoELTER.  Die  fiestimmung  der  petrographiseh  wichtigeren  Minemlien  durch  das  Mikro- 
Ekop  ;  Eine  Anleitung  zur  mikroskop.  Gesteins-Analyse,  80  pp.  8vo,  Vienna,  1876. 

FouQU^,  F.  and  Micbel-L£w,  A.  Mineralogie  micrographique,  roches  6ruptives  Fran- 
cises, 509  pp.  4to,  Paris,  1879. 

RuTLEY,  F.    The  Study  of  Rocks,  819  pp.  12mo,  London,  1879. 

Thoulet.  Contributions  k  T^itude  des  propriet^s  physiques  et  chemiques  des  min^raux 
microscopiques,  77  pp.  8vo,  Paris, 

Hawes,  Q-.  W.  The  Mineralogy  and  Lithology  of  New  Hampshire  (Geology  of  New 
Hampshire,  vol.  iiL\  262  pp.  4to,  with  12  plates.  Pages  8-18  of  this  work  give  an  excel- 
lent sommaiy  of  microsoopic  methods  of  investigation,  as  applied  to  rocks  and  minerals. 
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cleavage  lines.  On  the  other  hand,  a  basal  section  of  a  crystal  of  pyroxene  shows  the  pris- 
matic cleavage,  here  less  perfect  than  in  the  amphibole,  and  at  an  an^le  of  S?"*  and  93'' ; 
a  vertical  section  again  shows  only  one  set.  Also  a  basal  section  of  mica  shows  no  cleav- 
age lines,  but  a  vertical  section  shows  a  series  of  very  fine  parallel  lines  corresponding  to 
the  highly  perfect  basal  cleavage. 

(8)  The  index  of  refraction  is  obtained  by  the  method  of  the  Duke  de  Chaulnes,  as  devel- 
oped by  Sorby  (seep.  178). 

(4)  Pleochroiam. — To  examine  the  pleochroism  of  a  mineral  section,  the  lower  prism  is 
inserted  and  set  at  0°,  so  that  its  vibration-plane  coincides  with  the  direction  0"  to  180*  on 
the  stage.  If  now  the  section  be  placed  on  the  stage  and  the  latter  rotated,  the  absorption 
of  the  light  vibratin^^  in  the  same  plane  with  the  prism  can  be  observed.  For  example,  a 
vertical  section  of  biotite  is  dark  when  the  direction  of  the  cleavage  lines  is  |  with  the  above 
named  line  (O"*  to  180°  of  stage),  for  the  light  which  it  transmits  nas  vibrations  in  this  plane 
onljr,  and  these  are  strongly  absorbed  ;  on  the  contrary,  when  the  stage  is  rotated  90°  the 
section  becomes  light,  because  the  light  vibrating  |  to  this  direction,  is  but  slightly  ab- 
sorbed ;  on  the  other  hand,  a  basal  section  shows  no  difference  ot  light  absorption. 

(5)  laotrope  or  Anisoirope,  etc. — Supposing  the  prisms  in  position  and  placed  with  their  vi* 
bration-planes  perpendicular,  a  section  of  an  amorphous  substance,  as  glass,  will  remain 
dark  in  all  positions  as  it  is  rotated  upon  the  stage,  for  it  has  sensibly  the  same  light-elastic- 
ity in  all  directions,  since  no  one  direction  has  any  advantage  over  another. 

A  section  of  an  isometric  mineral  will  also  remain  dark  as  it  is  revolved  between  the 
crossed  prisms.  A  section  of  a  tetragonal  or  hexagonal  crystal  parallel  to  the  base  will  also 
remain  unchanged  between  crossed  prisms  ;  a  vertical  section,  or  one  inclined  to  the  base, 
will  be  dark  only  when  the  directions  of  the  spider  lines  coincide  with  the  vertical  and  trans- 
verse directions  ;  in  other  words,  the  extinction  directions  are  ||  and  J_  to  the  prism.  A 
section  of  an  orthorhombic  crystal  will  have  its  directions  of  extinction  coincident  with  the 
crystallographic  axes.  A  section  of  a  monoclinic  crystal  cut  parallel  to  any  direction  in  the 
orthodiagonal  zone  will  have  its  extinction  directions  parallel  to  the  clinodiagonal  axis  and 
perpehdicular  ;  that  is,  if  prismatic  in  habit.  ||  and  J_  to  the  prism,  hence  in  this  position 
it  cannot  be  distinguished  from  an  orthorhombic  crystal.  On  tne  other  hand,  in  the  case  of 
a  section  cut  in  any  other  plane,  the  position  of  the  extinction  directions  will  depend  upon 
the  indtddual  crystal.  For  the  exact  determination  of  these  directions  with  reference  to 
any  crystallographic  lines  present,  the  method  of  the  stauroscope  must  be  employed.  For 
minute  sections  a  quartz  plate  (x  vertical  axis)  is  sometimes  inserted  (ZZat  it  in  f.  412k); 
this  gives  for  a  proper  position  of  the  upper  prism  a  field  of  uniform  delicate  color  (say 
violet).  A  section  of  an  anisotrope  mineral  placed  on  the  stage  will  have  the  same  color  only 
when  its  extinction  directions  are  ||  and  1  to  the  vibration  plane  of  the  lower  prism  (rr,  in 
f.  412e).  a  special  eye-piece  (see  f .  412k)  provided  with  a  Calderon  plate  is  also  sometimes 
employed. 

(o)  If  the  eye-piece  is  removed,  and  at  the  same  time  suitable  lenses  added,  two  at  T(L 
412k)  and  one  above,  strongly  converging  li^ht  is  obtained.  In  many  cases  when  the  sec- 
tion is  cut  in  the  proper  direction,  the  axial  interference  figures  can  be  seen  as  distinctly  as 
in  the  ordinary  polariscope.  A  j -undulation  mica  plate  makes  it  possible  in  such  cases  to 
determine  the  +  or  —  character  of  the  double  refraction.  On  the  use  of  microscope  for  the 
observation  of  the  optic  axes,  see  v.Lasaulx,  J.  Min.,  1878, 877,  and  Z.  Kryst.,  ii.,  Z56  ;  Ber- 
trand.  Bull.  Soc.  Min.,  1878, 27  ;  Klein,  Nachr.  Ges.  Wiss.  GSttingen,  1878,  461 ;  Laspeyres, 
Z.  Kryst,  iv.,  460. 

(7)  For  a  descriotion  of  the  various  inclosures  often  observed  in  sections  of  minerals,  and 
the  method  of  studying  them,  reference  must  be  made  to  the  works  referred  to  above. 

When  it  is  desired  to  observe  the  effect  of  increased  temperature  on  the  mineral  sections  or 
their  enclosures  (e.g.  liquid  CO,)  the  air  bath  (f.  41  2l)  heated  by  the  lamp,  X,  and  pro\ided 
with  a  delicate  thermometer,  is  employed.  This  fits  into  the  stage  at  T,  and  the  section  is 
placed  above  at  es. 

Microscope  of  Berirand. — Bertrand  (Bull.  Soc.  Min.,  ir.,  97-100,  1880) 
has  devised  a  form  of  microscope  especially  adapted  for  mineralogical  work, 
and  allowing  of  the  determination  of  the  form  and  optical  properties  of  min- 
erals in  crystals  or  sections  so  small  that  they  cannot  be  employed  in  the  or- 
dinary polariscopes.  The  tube  carrying  theeye-piece  and  objective  has  the 
ordinary  coarse  and  fine  adjustments  ;  the  former  is  accomplished  by  a  rack 
and  pinion  movement,  and  is  measured  by  a  scale  and  vernier;  the  latter  is 
made  by  a  sci^ew  with  a  graduated  head  situated  similarly  to  that  in  the  Eo- 
senbusch  microscope.    An  opening  in  the  tube  above  the  objective  allows  of 
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the  introdactioii  of  a  little  slide  carrying  a  small  lens,  whose  vertical  position 
can  he  adj[u8ted  bj  an  appropriate  rack  and  pinion  turned  by  a  screw  head ; 
this  auxiliary  lens  may  either  magnify  the  intericrence  figures  of  the  crystal 
section  or  else  the  section  itself,  when  the  position  of  the  former  is  properly 
adjusted.  The  objectiye  can  be  centered  by  horizontal  screws^  and  immedi- 
ately above  it  a  quartz  wedge,  or  quarter-undulation  plate  of  mica,  can  be  in- 
tnKTuced  for  the  determination  of  the  character  oi  the  double  refraction. 
The  stage  has  two  movements  in  directions  at  right  angles  to  each  other,  for 
each  of  which  a  special  scale  with  a  vernier  is  supplied  ;  also,  the  stage  ro- 
tates in  a  horizontal  plane,  and  is  supplied  with  a  graduation  to  allow  of  the 
measurement  of  the  angle  of  rotation.  The  lower  polarizing  prism  is  supplied 
with  several  lenses  for  producing^  strongly  converging  light,  and  by  a  screw 
can  be  moved  in  a  vertical  direction.  In  addition,  a  small  goniometer  with 
oil  bath  is  provided,  which  can  be  placed  upon  the  stage,  and  which  allows 
of  the  measurement  of  the  optic  axial  angle  of  the  section  under  examination. 
The  special  advantages  of  this  instrument,  as  shown  by  the  observations  of  the 
inventor  with  it,  as  also  those  of  Des  Cloizeaux,  are  that  it  allows  of  all  the 
necessary  optical  determinations  even  in  crystals  or  crystal  sections  which  are 
extremely  minute. 

On  the  Cause  of  the  so-called  Optical  Anomalies  of  Crystals. 

[The  following  paragraphs  contain  a  brief  statement  of  the  results  of  some  of  the  more 
important  of  recent  investigations  bearing  upon  the  subject  of  the  "Optical  Anomalies"  of 
CT3rstals.  It  will  be  seen  that  the  main  point  at  issue  is  as  to  the  true  explanation  of  the 
phenomena  of  double-refraction,  observea  in  many  crystallized  minerals  of  apparent  iso- 
metric form  (as  garnet,  fluorite,  boracitc,  analcite,  etc.  >,  and  analogous  variations  from  the 
theoretical  optical  character  in  crystals  apparently  tetragonal,  hexagonal,  etc.  (as  vesuvi- 
anite,  zircon,  corundum,  beryl,  etc.).  Are  these  *'  optical  anomalies"  a  proof  that  the  appa- 
rent sjrmmetryof  the  observed  form  is  oiAy  pseudo-symmetry,  being  aue  to  the  complex 
twinmng  of  parts  of  lower  grade  of  symmetry  than  that  which  the  crystal  as  a  whole  simu- 
lates? In  otner  words,  do  the  optical  properties  actually  belong  to  the  inherent  molecular 
structure  of  the  parts  of  the  crystal  ?  Or,  does  the  geometrical  form  of  the  whole  really 
represent  the  true  svmmetry  of  the  crystal,  and  are  these  phenomena  (of  double-refraction 
in  isometric  crystals,  for  example)  due  to  secondary  causes,  such  as  internal  tension  pro- 
duced during  the  p^wth  of  the  crystal,  and  so  on  ? 

In  regard  to  this  subject,  it  may  be  remarked  that  it  is  beyond  question,  on  the  one  hand, 
that  pseud^i-symmetry  is  to  some  extent  a  law  of  nature,  for  the  crystals  of  many  minerals 
of  unquestioned  orthorhombic  character  simulate  hexagonal  forms  (e.  g.,  aragonite) ;  on  the 
other  hand,  it  is  equally  certain  that  the  plicnomena  of  double-refraction  may  be  produ/sed 
in  colloid  or  crystalline  isotrope  media  by  a  state  of  tension,  and  similarly  that  uniaxial 
crystals  may  be  made  biaxial  by  pressure,  and  so  on.  Which  of  these  two  explanations  is 
to  be  applied  in  the  lar^  number  of  cases  now  under  discussion  cannot  be  regarded  as 
settled,  although  the  writer  inclines  to  the  opinion  that  the  second  explanation,  more  fully 
detailed  later,  will  be  found  to  hold  true  in  tne  case  of  the  majority.  This  does  not  seem, 
however,  to  be  the  place  nor  the  time  for  a  fuU  review  of  the  testimony  which  has  been  ac- 
cumulated on  both  sides  of  the  question.] 

There  are  a  considerable  number  of  minerals,  the  crystals  of  which  exhibit 
optical  phenomena  which  are  not  in  accordauce  with  the  apparent  symme- 
try of  the  crystalline  form.  Cases  of  this  kind  were  observed  by  Brewster 
(1815  and  later),  and  investigated  by  him  with  a  remarkable  acuteness  con- 
sidering the  imperfect  instruments  then  available.  For  example,  alum,  anal- 
cite, boracite,  diamond,  fluorite,  halite  wei*e  shown  by  Brewster  to  exert  an 
effect  on  polarized  light  not  in  accordance  with  their  apparent  isometric 
form.  With  the  improved  methods  and  means  of  investigation  at  the  dis- 
posal of  mineralogists  in  recent  times,  the  list  of  minerals  whose  crystals  ex- 
oibit  ''  optical  anomalies  "  has  been  very  largely  increased. 
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In  explanation  of  these  anomalies,  various  hypotheses  have  been  advanced. 
Brewsteb  explained  them  in  the  ease  of  diamond  as  due  to  local  tension 
connected  with  solid  or  gaseous  inclosures.  In  1841  BiOT  published  his 
memoir  on  lamellar  polarization  (C.  B.  xii.,  967  ;  xiii.,  155,  391,  839),  and 
explained  the  optical  characters  of  the  minerals  named  above,  as  also  the 
tetragonal  apophyliite,  as  due  to  that  cause.  The  idea  advanced  by  him  was 
that  the  crystal  was  made  up  of  thin  lamellae,  which  exerted  on  transmitted 
light  an  effect  analogous  to  that  of  a  bundle  of  parallel  glass  plates.  Yolgbb 
(1854-5)  attempted  to  show  that  in  the  case  of  ooracite  the  anomalous  opti- 
cal properties  were  due  to  the  presence  of  a  doubly-refracting  anisotrope 
mineral,  parisite,  derived  from  alteration ;  much  later  (1868)  this  view  was 
accepted  by  Des  Gloizeaux.  Mabbach  (Pogg.  Ann.,  xciv.,  412,  1855)  dis- 
cussed the  question  more  broadly,  and  concluded  that  the  phenomena  ob- 
served were  due  to  the  presence  m  the  normal  substance  of  abnormal  aniso- 
trope portions,  which  last  owed  their  existence  to  a  tension  produced  at  the 
time  the  crystal  was  formed.  It  was  further  shown  by  von  Reusgh  Hb.  cxxxii., 
618, 1867)  that  the  hypothesis  of  Biot  was  not  sufficient  to  explain  tne  observed 
facts  in  the  case  of  alum.  He  also  took  up  the  view  of  Marbach,  and  follow- 
ing out  much  the  same  idea  as  that  of  Marbach,  reached  the  conclusion  that 
the  anisotrot)e  characters  of  isometric  crystals  were  due  to  the  condition  of 
internal  tension  existing  within  the  crystal.  As  bearing  upon  the  question 
he  proved  by  experiment  that  by  suitable  pressure,  in  tne  case  for  example 
of  alum  crystals,  the  double-refraction  could  be  removed.  The  influence  of 
pressure  in  causing  double  refraction  was  early  investigated  by  F.  E.  Neu- 
MANK  (Pogg.  Ann.,  liv.,  449,  1841),  and  by  Pfaff  (ib.,  cvii.,  333  ;  cviii., 
578,  1859).  The  subject  has  also  been  discussed  by  Hibschwald  (Min. 
Mitth.,  1875,  227). 

More  recently  the  idea  of  internal  molecular  tension  as  a  cause  of  anoma- 
lous optical  characters  has  been  developed  by  Klocke,  Jannettaz,  Klein,  Ben 
Saude  and  others,  as  more  particularly  described  later. 

In  1876  Mallabd  published  his  most  important  memoir  (Ann.  Min., 
VII.,  X.,  60-196)  upon  this  subject,  in  which  he  not  only  eave  a  very  large 
number  of  new  facts  of  a  similar  nature,  but  also  advanced  a  new  explana- 
tion which  has  been  warmly  accepted  bv  some  mineralogists.  He  regards 
all  the  indications  of  double-refraction  observed  in  apparent  isometric  crys- 
tals, and  analogous  variations  from  the  normal  character  in  crystals  of  other 
systems,  as  proof  that  the  form  is  only  apparently  isometric,  tetragonal,  and 
soon  {pseudo-isometric,  pseudo-tetragonal,  etc.),  the  union  of  several  indi- 
vidual crystals  giving  rise  to  an  external  form  oi  a  higher  grade  of  symmetry 
than  that  which  they  themselves  possess.  On  his  view,  an  apparent  iso- 
metric cube  mav,  in  fact,  be  a  combination  of  six  uniaxial  crystals  ^count- 
ing two  parallel  as  one,  in  fact  only  three  independent),  each  havine  the 
form  of  a  square  pyramid,  united  so  that  their  bases  form  the  sides  of  the 
cube,  and  their  vertices  arc  combined  at  the  centre.  Again,  an  apparent 
regular  octahedron  may  be  made  up  of  eight  uniaxial  triangular  pyramids, 
similarly  placed  ;  a  dodecahedron  of  twelve  rhombic  pyramids  (boracite),  or 
perhaps  of  forty-eight  triclinic  triangular  pvramids,  the  bases  of  four  com- 
bining to  form  a  rhombic  face.  In  most  of  these  cases  the  optic  axis  coin- 
cides with  the  axis  of  the  pyramid. 

Mallard  thus  includes  among  pseudo-isometric  species :  alum,  analcite. 
boracite,  fiuorite,  garnet,  senarmontite  ;  among  pseudo-tetragonal  species : 
apophyllite,  mellite,  octahedrite,  rutile,  vesuvianite,  zircon ;  among  pseudo^ 
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lexagonal  species :  apatite,  beryl,  comndum,  penninite,  ripidolite,  tourma* 
line  ;  pseudo-orthorhombic  species  :  harmotome,  topaz  ;  pseudo-monoclinic : 
orthoclase. 

Many  observations  similar  to  those  of  Mallard  have  been  made  by  Ber- 
TBAND  (in  Ball.  Soc.  Min.,  1878-1882),  who  applies  the  same  metnod  of 
explanation  to  them.  For  explanation,  Bertrand  has  described  crystals  of 
^rnet  which  were  biaxial,  with  an  angle  of  about  90° ;  a  hexoctahedron 
being  made  up,  in  his  view,  of  forty-eight  triangular  pyramids,  four  to  each 
pseudo-rhombic  pyramid.  Each  pyramid  is  biaxial,  with  the  acute  negative 
bisectrix  nearly  normal  to  the  base,  and  the  axial  plane  coincides  with  the 
direction  of  the  hmger  diameter  of  the  rhombic  face.  Further,  apparent 
tetrahedral  crystals  of  romeite  are  regarded  as  formed  of  four  rhombonedrons 
of  120^,  placed  with  their  vertices  at  a  common  point  Also  in  the  case  of 
romeite  the  octahedrons  are,  in  his  view,  formed  by  the  grouping  of  eight 
rhombohedral  crystals  of  90**  about  a  central  point.  The  above  will  serve  as 
illustrations.  Bertrand  has  extended  his  observations  over  a  considerable 
number  of  species,  and  the  explanation  given  by  Mallard  of  the  optical  phe- 
nomena just  described  is  strongly  supported  by  him,  as  against  the  Mar- 
bach-Reusch  theory  of  molecular  tension,  more  minutely  described  below. 
Bertrand  urges  (Bull.  Soc.  Min.,  v.,  3,  1882)  that  a  true  doubly-refracting 
crystal,  whether  simple  or  a  complex  twin,  can  always  be  distinguished  from 
a  crystal  normally  isotrope,  but  modified  through  internal  tension  or  any 
other  cause.  The  difference,  he  states,  is  to  be  seen  in  parallel  polarized 
light,  where  the  former  will  show  a  distinctness  and  uniformity  of  character 
which  does  not  belong  to  the  latter ;  still  more  clearly  in  converging  light, 
where  the  truly  doubly-refracting  crystal  shows  throughout  the  same  char- 
acters, each  fragment  into  which  the  section  may  be  broken  giving  the  iden- 
tical uniaxial  or  biaxial  figures  with  the  whole  ;  on  the  other  hand,  this  can- 
not be  true  of  the  different  parts  of  a  crystal  made  doubly-refracting  through 
^me  cause,  as  contraction,  and  so  on.  As  illustrations  of  these  facts,  ne 
appeals  to  boracite,  garnet,  pharmacosiderite,  etc.,  stating  that,  as  the  re- 
sult of  his  observations,  they  fall  into  the  former  class.  He  speaks  further  of 
octahedrons  of  boracite  formed  of  twelve  biaxial  crystals,  and  of  romeite 
formed  of  eight  uniaxial  crystals,  as  showing  that  the  internal  structure  is 
independent  of  the  external  form  ;  as  bearing  further  upon  this  point,  it  is 
stated  that  the  imperfect  crystals  of  the  garnet  rock  of  JordansmUhl  show 
the  same  twinning  of  biaxial  individuals  as  do  isolated  crystals  of  garnet, 
whose  external  form  is  complete.  But  reference  must  be  made  to  the  obser- 
vations alluded  to  beyond,  which  do  not  entirely  support  the  conclusions  of 
Bertrand. 

This  subiect  has  been  discussed  hy  Grattarola,  who  includes  calcite, 
quartz,  nephelite,  barite,  etc.,  in  the  list  of  species  which  have  an  apparent 
symmetry  higher  than  that  which  really  belongs  to  them  ;  his  conclusions, 
however,  are  not  based  upon  observations  (Dell'  unitd  cristallonomica  in 
Mineralogia,  Florence,  1877). 

In  many  other  cases,  besides  those  mentioned  above,  observers  have,  on  the 
basis  of  variation  in  angles,  or  of  optical  characters,  reached  the  conclusion 
that  the  species  in  question  really  belongs  to  a  system  of  lower  symmetry  than 
that  to  which  it  has  been  ordinarily  referred.  For  example,  see  Des  Cloizeaux 
on  microcline  and  milarite  ;  Rumpf  on  apophyllite  (Min.  Petr.  Mitth.,  ii., 
369);  Becke  on  chabazite  (ib.,  li.,  301),  and  hessite  (ib.,  iii.,  301); 
Schrauf  on  brookite  (Ber.  Ak.  Wien,  Ixxiv.,  535  and  Z.  Kryst.,  i.,  274)  and 
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other  species ;  Brezina  on  aatunite  (Z.  Kryst.^  iii.,  273);  Tschermak  on  the 
micas  (Z.  Kryst.,  ii.,  14)  and  corundum  (Min.  Petr.  Mitth.,  ii.,  362) ;  and 
many  other  cases.  These  last  named  obseirations,  however,  do  not  generally 
admit  of  being  explained  on  the  hypothesis  of  Mallard.  In  many  of  them  the 
conclusions  reached  are  Ix^ond  doubt  correct,  in  others  the  question  must  be 
regarded  as  still  undecided. 

TscuEBMAK  proposes  the  term  mimetic  for  those  forms  ('^mimetische  For- 
raen"),  which  imitate  a  higher  grade  of  symmetry  by  the  grouping  (twinning) 
of  individuals  of  a  lower  ^ade  of  symmetry,  as  for  example,  aragonite  ;  also, 
chabazite,  which,  according  to  Becke,  is  apparently  rliombohedral,  but,  in 
fact,  formed  by  a  complex  twinning  of  triclinic  individuals  (this  conclusion, 
however,  is  not  universally  accepted).  He  also  uses  the  term  pseudo-sym- 
metry  to  describe  the  phenomena  in  general  (ZS.  G.  Ges.,  xxxi.,  657, 1879,  and 
Lehrb.  Min.,  p.  89  et  seq.,  1881). 

The  explanation  of  the  optical  phenomena  referred  to  above,  which  was 
presented  bv  Marbach  and  later  developed  by  Beusch,  has  been  recently  still 
further  elaborated  by  Klocke  (J.  Min.,  1880,  i,,  63,  168),  Klein,  Jannettaz, 
Ben  Saude.  Klocke's  first  observations  were  made  upon  artificial  crystals  of 
alum.  He  found  that  each  crystal  (contrary  to  earlier  statements)  showed 
doubly  refracting  properties  as  strongly  normal  to  an  octahedral  plane  as  in 
other  directions.  A  section  parallel  to  this  plane  was  divided  into  six  sectors 
by  radial  lines  passing  from  the  angles  to  the  centre  ;  the  directions  ot  extinc- 
tion in  each  sector  being  ||  (parallel)  and  _L  (perpendicular)  to  its  outer  edge, 
these  directioQS  consequently  coinciding  for  each  pair  of  opposite  sectors. 
These  sectors  behaved  as  if  made  up  of  bands  in  a  state  of  tension  parallel  to 
their  longer  direction  ;  a  similar  result  was  obtained  by  subjecting  a  six-sided 
octahedral  and  isotrope  alum  section  to  pressure  perpendicular  to  two  of  its 
edges.  He  found  further  that  all  the  sections  of  the  same  crystal,  independ- 
ent of  the  crystallographic  orientation,  were  alike  as  regards  the  direction  of 
the  tension,  and  that  all  crystals  made  at  the  same  time^  that  is,  under  the 
same  conditions,  yielded  identical  results  ;  but  this  was  not  true  of  crystals 
made  at  different  times.  Further  ik  was  found  that  the  distortion  peculiar  te 
the  crystal  exerted  an  essential  effect  upon  the  number  and  arran^ment  of 
the  optical  sectors,  and  that  the  position  which  the  crystal  occupied  in  the 
vessel  during  its  formation  was  also  an  important  factor. 

I-iater  the  same  author  (J.  Min.,  1881,  li.,  249)  has  extended  his  observa- 
tions to  come  of  the  species  exhibiting  pseudo-symmetry.  He  shows,  among 
other  results,  that  pressure  exerted  normal  to  the  vertical  axis  of  a  section  of  a 
tetragonal  or  liexagonal  crystal  which  has  been  cut  J_  c  (vert. ),  changes  the  uni- 
axial interference  figure  into  a  biaxial,  and  with  substances  optically  positive, 
the  plane  of  the  optic  axes  is  parallel,  and  with  negative  substances  normal, 
to  the  direction  of  pressure.  This  was  observed  on  sections  of  vesuTianite 
and  apophyllite  which  exhibited  uniaxial  portions.  Many  sections  are  divided 
into  four  optical  fields  (biaxial)  with  the  axial  plane  perpendicular  to  the 
edge.  The  behavior  of  each  field  in  a  section  of  apophyllite  consequently  is 
(optically  +,s£e  above)  as  if  in  a  state  of  tension  parallel  to  the  adjacent  com- 
bination-edge with  the  prism ;  but  with  vesuvianite  (optically  — )  the  direc- 
tion of  tension  is  perpendicular.  This  explanation  is  supported  by  the  fact 
that  pressure  exerted  in  the  proper  direction  serves,  in  accordance  with  the 
above  principles,  respectively  te  increase  or  diminish  the  axial  angle.  The 
author  also  succeeded  in  obtaining  axial  interference  figures  visible  in  con- 
verging polarized  light  in  gelatine  sections  when  under  pressure ;  the  same 
phenomenon  in  parallel  light  had  been  earlier  observed. 
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On  the  observations  of  Jajstnbttaz,  showing  the  effect  of  internal  tension 
in  causing  double-refraction^  see  Bull.  Soc.  Min.^  ii.,  124 ;  ii.,  191 ;  iii,  20. 

The  i-esults  of  the  observations  of  Kleik  (J.  Min.,  1880,  ii.,  209  ;  1881, 
i.,  239)  on  boracite  have  an  important  bearing  upon  this  subject.  As  stated 
above,  it  is  included  bj  Mallard  among  the  pseudo-isometric  species.  Basins 
his  results  more  especially  upon  the  examination  of  crystals  of  dodecahedra! 
habit,  Mallard  concluded  that  the  apparent  simple  form  is  made  up  of  twelve 
rhombic  pyramids  whose  basal  planes  form  the  twelve  faces  of  the  dodecahe- 
dron. Baumhauer,  on  the  basis  of  results  of  etching  experiments,  more  par- 
ticularly on  crystals  of  octahedral  habit,  concluded  tliat  the  species  was  or- 
thorhombic,  the  apparent  simple  form  being  made  up  of  six  individuals  whose 
bases  woald  coincide  with  the  cubic  planes  (p.  187).  Tlie  observations  of 
Eein  show  that  the  structure  of  the  crystals  of  different  habits  vary — some 
agreeing  with  the  scheme  of  Mallard— some  with  that  of  Baumhauer ;  ho 
shows,  however,  very  conclusively  (as  it  seems  to  the  writer)  that  this  appa- 
rently complicated  structure  is  probably  due  to  internal  tension  produced 
during  the  growth  of  the  crystals.  Crystallographically  there  is  no  variation 
in  anffle  from  the  requirements  of  the  isometric  system  to  be  observed.  In 
regard  to  the  optical  characters,  he  shows  that  the  interior  optical  structure 
does  not  correspond  to  the  exterior  planes ;  that  the  etching  figures  do  not 
correspond  to  the  optical  limits;  that  a  change  of  temperature  alters  the 
relative  position  of  the  optical  fields  without  influencing  the  form  of  the 
etching  figures ;  that  the  differently  orientired  optical  portions  lose  their 
sharp  limits,  they  change  their  position  relatively,  some  disappearing  in. part 
or  whole,  and  others  appearing.*  Klein  has  also  made  a  series  of  optical 
studies  on  ffamet  (Nachr,  Ges.  Wiss.  Gottingen,  June  28,  1882),  and  after  a 
review  of  the  whole  subject  decides  in  favor  of  the  true  isometric  character  of 
the  species  ;  the  double-refraction  phenomena  observed  being  due  to  secondary 
causes. 

Bek  Saude  (J.  Min.,  1882,  i.,  41)  has  investigated  analcite,  and  arrived  at 
the  conclusion  that  with  it  also  the  abnormal  optical  characters  are  to  be  ex- 
plained by  internal  molecular  tension.  He  shows  that  the  crystals  are  formed 
of  different  optical  parts,  in  combinations  of  30  with  the  cube  and  trapezo- 
hedron  togetner,  and  24  for  the  trapezohedron  alone,  the  form  of  which 
changes  as  the  outer  surfaces  of  the  crystals  change.  The  structure  can  be 
explained  in  this  way,  as  made  up  of  pyramids  going  from  each  plane  to  the 
middle  of  the  crvstal  having  the  plane  as  its  base,  with  as  many  sides  as  there 
are  edges  to  tne  plane;  as  the  outer  form  changes  the  optical  structure 
changes  correspondingly  ;  every  edge  cori*esponds  to  an  optical  boundary,  and 
every  plane  to  an  optical  field.  All  these  double-refraction  phenomena  are 
explained  as  due  to  secondary  causes.     Aloreover,  the  author  nas  proved  that 

gelatine  cast  into  the  form  ox  the  natural  crystals  has  on  solidifying  an  analo- 

■■  ■     ■  ■  ..I  < 

*A  memoir  by  Mallard  (Bull.  Soc.  Mtn.,  v.,  144,  1882)  upon  the  effect  of  heat  upon  bo- 
ncite  crystals  was  received  just  as  these  paves  were  Roing  to  press.  Mallard  details  the 
results  of  numerous  experiments,  and  concludes  that  tne  effect  of  heat  does  not  modif  jr  the 
form  of  the  ellipsoid  of  elasticity,  nor  the  position  of  the  six  different  orientations  which  it 
can  hare  ;  it  only  modifies  the  choice  made  by  each  of  the  crystal  sections  between  the  six 
orientations,  from  this  it  is  concluded  that  this  ellipsoid  is  in  fact  characteristic  of  the 
crystalline  riseau  of  the  species,  and  that  the  apparent  isometric  symmetry  is  due  to  the 
method  of  grouping  alluaed  to.  Analogous  results  were  obtained  with  crystals  of  potas- 
sitiro  sulphate  (orthorhombic,  pseudo-hexagonal  like  araffonite),  and  the  conclusion  is  drawn 
from  this  that  a  perfect  analogy  exists  between  the  so-ciuled  pseudo-isometric  crystals  and 
the  pseudo-hexagonaL 
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gous  oj^tical  structure,  showing  the  same  sections,  the  same  directions  of  light- 
extinction,  and  under  favoring  conditions  the  same  position  of  the  optic  axes. 
Ben  Saude  has  also  examined  perofskite  (Gekronte  Preisschrift  derlTniversitiit 
Gottingen,  1882)  from  the  same  standpoint,  with  reference  to  the  etching- 
"figures  and  optical  phenomena.  He  concludes  that  it  is  to  be  referred  to  the 
isometric  system,  and  that  the  double  refraction  is  to  be  explained  as  caused 
by  changes  in  the  original  position  of  equilibrium  produced  in  the  growth  of 
tne  crystals.  This  conclusion,  however,  is  at  variance  with  the  results  of 
the  observations  of  others. 
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CHEMICAL  MINERALOGY. 


MnrEBALS  are  either  the  nnoombined  elements  in  a  native  state,  or  com 
poauds  of  these  elements  formed  in  accordance  with  chemical  laws.  It  is 
the  object  of  Chemical  Mineralogy  to  determine  tlie  chemical  composition 
of  each  species ;  to  show  the  chemical  relations  of  different  species  to  each 
other  where  such  exist :  and  also  to  explain  tlie  methods  of  distinguishing 
different  minerals  by  chemical  means.  It  thus  embraces  the  most  import- 
ant part  of  Determinative  Mineralogy. 


Chemioal  CoNSTrnmoN  of  Miksbals. 

In  order  to  nnderstand  the  chemical  constitution  of  minerals,  some 
knowledge  of  the  fundamental  principles  of  Chemical  Philosophy  is 
required ;  and  these  are  here  briefly  recapitulated. 

Chemical  elements. — Chemistry  recognizes  sixty-four  substances  which 
cannot  be  decomposed,  or  divided  into  others,  by  anv  processes  at  pi-esent 
known;  these  substances  aro  called  the  chemical  elements.  Oi  these 
oxygen,  hydrogen,  and  nitrogen  are  fixed  gases ;  chlorine  and  fluorine  ar« 
generally  gases,  but  may  be  condensed  to  t)ie  liquid  state ;  bnomine  i^  a 
volatile  liquid ;  and  the  rest,  under  ordinary  conditions,  quicksilver  excepted, 
are  solids.  Of  these  last  carbon,  phosphorus,  arsenjc,  sulphur,  boron,  (tel- 
Inriuni),  selenium,  iodine,  silicon,  generally  rank  as  non-metallic  elements, 
and  the  others  as  metallic* 

Molecules  /  Atom^. — By  a  molecule  is  understood  the  smallest  portion  of  a 
substance  which  possesses  all  the  pi^opeities  of  the  matter  itself ;  it  is  the 
smallest  division  into  which  the  substance  can  be  divided  without  loss  or 
change  of  character.  The  molecule  of  water  is  tiie  smallest  conceivable 
particle  which  can  exist  alone,  and  which  has  all  tlie  properties  of  water. 
An  atom  is  the  smallest  mass  of  each  element  which  enters  into  combina- 
tion with  others  to  form  the  molecule.  Thus  two  chemioal  units,  or  atoms, 
of  hydrogen  unite  with  one  atom  of  oxygen  to  form  Hke  physical  unit,  ot 
molecule,  of  water. 

Atomic  weights. — The  relative  weights  of  llie  chemical  units,  or  atomt| 
of  the  different  elements  are  their  atomic  weights.    For  the  sake  of  uni- 

*  Recent  investieatiomi  bare  added  a  considerable  number  of  supposed  new  elements 
to  the  list  on  the  f oUowing  page. 
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forinity  the  atom  of  hydrogen,  the  lightest  of  all  the  elementB,  has  becD 
adopted  as  the  standard  or  unit.  The  absolute  weight  of  the  atoms  cannot 
be  determined ;  but  their  relative  weight  can  in  many  cases  be  fixed  beyond 
question.  When  the  elements  are  gases,  or  form  gaseous  compounds,  tho 
atomic  weights  are  detefmined  directly.  Thus  in  hydrochloric  acid  gas 
there  are  equal  volumes  of  hydrogen  and  chlorine,  or,  chemically  expi^eseed, 
one  atom  of  hydrogen  combines  with  one  atom  of  chlorine ;  by  analysis  it 
is  found  that  in  100  parts  there  arc  2*74  by  weight  of  hydrogen,  and  97*26 
of  chlorine ;  hence  if  hydrogen  be  taken  as  the  unit,  the  atomic  weight  of 
chlorine  is  35-5,  since  2-94  :  97-26  =  1  :  35-5. 

Where  the  elements,  or  their  compounds,  are  not  gases,  the  atomic  weights 
are  determined  more  or  less  indirectly,  and  are  sometimes  not  entirely  free 
fi-om  doubt  The  analysis  of  rock-salt  gives  us,  in  100  pai*ts,  60-68  parts  of 
chlorine,  and  39*32  parts  of  sodium  ;  now  if,  ns  is  believed,  the  number  of 
units  of  each  element  involved  is  the  same,  or  in  other  words,  if  the  mole- 
cule consists  of  one  atom  each  of  chlorine  and  sodinm,  then  the  atomic 
weights  will  be  as  60*68  :  39-32 ;  or  35*5  :  28,  since  that  of  chlorine  =  35*5. 
Hence  the  atomic  weight  of  sodium  is  23,  when  referred,  like  chlorine,  to 
that  of  hydrogen  as  the  unit  There  is  an  assumption  in  such  cases  aa  to 
the  number  of  units  of  each  element  involved  whicm  may  introduce  doubt, 
so  that  other  methods  are  applied  which  need  not  be  here  detailed. 

The  following  table  gi  ves  the  atomic  weights  of  the  elements.  The  symbols 
used  to  represent  an  atom  of  each  element  are  shown  in  the  table ;  in  most 
cases  they  are  the  initial  letter  or  letters  of  the  Latin  name.  When  more  than 
one  atom  is  involved  in  the  forniation  of  a  conipound,  it  is  indicated  by  a 
small  index  number  placed  below,  to  the  ri^ht :  as  SbjOs,  which  signifies  2 
of  antimony  to  3  of  oxygen.  The  quantity  by  weight  of  any  element  enter- 
ing into  a  compound  is  always  expressed  either  by  the  atomic  weight  or 
some  multiple  of  it ;  hence  the  atomic  weights  are  strictly  the  comSining 
weights  of  tne  different  elements. 


Atomic  Weights. 


Almniniim 

Al 

27-8 

Cobalt 

Co 

69 

Antimony 

8b 

122 

Colnmbinm  (Kiobinm) 

Cb   (Nb) 

94 

Anenio 

Aa 

76 

Copper 

Cu 

(»-4 

Barium 

Ba 

187 

Didyminm* 

D 

966 

Bumnth 

Bi 

206 

Erbinm                 # 

E 

112-6 

Boron 

B 

11 

Fluorine 

P 

19 

Bromine 

Br 

80 

OaUium 

Ga 

69-8 

Cadminm 

Od 

112 

Gluoinum  (Bexyllium) 

Qt   (Be) 

9 

Cmiam 

Ci 

183 

Gold 

An 

196 

Calcinm 

Ca 

40 

Hydrogen 

H 

1 

Carbon 

0 

12 

Indium 

In 

118-4 

Gorinm* 

Ce 

92 

Iodine 

I 

127 

Chlorine 

a 

85-6 

Iridium 

Ir 

198 

Chromium 

Cz 

62 

Iron 

Fe 

66 

'  *  Bj  the  detormfaiatloa  of  the  speolflc  heats  of  oerhim,  didyminm,  and  lanthanum,  Jh. 
HiUebrand  haa  ehown  leoantlj  that  tiie  ozides  of  the  three  metala  axe  i$9quioaBide$  (OetOi, 
DiflOt,  LatOt),  and  ooneapondinir  &  them  the  atonio  wetghta  ahonld  be  Ce  ss  188,  Dl  s 
144-8,  La  =  189.    (Pogg.  Ann.,  olviii,  71,  1876.) 
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utDuUHtQIft 

lA 

93-6 

Selenium 

8e 

70 

Lead 

Pb 

207 

Silver 

Ag 

106 

Lithinm 

Li 

7 

SlHoon 

^ 

28 

Magneainxn 

Mg 

34 

Sodium 

Na 

28 

Manganese 

Mn 

65 

Strontium 

Sr 

88 

Mercnzy 

Hg 

200 

Sulphur 

8 

82 

Xolybdenom 

Mo 

06 

Ta 

182 

Nicke) 

Ni 

60 

Tellurium 

Te 

128 

Nitrogen 

K 

14 

ThaUium 

Tl 

204 

Osminni 

Chi 

200 

Thorium 

Th 

281 

Oxygen 

0 

.   16 

Tin 

8n 

118 

PaUadiam 

Pd 

106 

Titanium 

Ti 

60 

Phoqphoros 

P 

81 

Tungsten 

W 

184 

Platinum 

Pt 

198 

Uranium 

V 

240 

Potaasinm 

K 

80 

Vanadium 

V 

61-4 

Rhodiam 

Ro 

104 

Yttrium 

Y 

61-7 

Rabidiam 

Bb 

86*4 

Zino 

Zn 

65 

Rothenimn 

Bu 

104 

Ziroooium 

Zx 

90 

Atomicity/  Qtiantivalence. — The  combining  power  of  each  element  is 
measured  by  the  number  of  hydrogen  atoms  with  whicli  it  combines  in 
forming  a  chemical  compound.  In  hydrochloric  acid  (HCl),  one  atom  of 
hydrogen  combines  with  one  of  chlorine ;  in  water  (H2O),  two  atoms  of 
hydrogen  combine  with  one  of  oxygen ;  in  ammonia  (HsN),  three  atoms  of 
hydrc^n  combine  with  one  of  nitrogen ;  and  in  marsh  gas  (HiO),  four 
atoms  of  hydrogen  are  required  to  enter  into  combination  with  one  carbon 
atom. 

By  the  examination  of  compounds  of  all  the  elements  we  are  able  to  fix 
the  combining  power,  or  gtcantivalencej  of  each,  expressed  in  hydrogen 
QDits.  All  those  elements  which  combine  with  one  atom  of  hydrogen,  or 
an  element  which  (like  chlorine)  has  the  same  quantivalence,  are  called 
monads  ;  those  which  i-equire  two  of  hydrogen,  or  two  other  monad  atoms, 
in  forming  the  compound,  are  called  dyads  ;  those  uniting  with  three  atoms 
(3f  hydrogen  are  called  triads  ;  and  similarly  tetrads^ pentadsy  hexads^  and 
hepUxds. 

The  adjective  terms  unwalentj  bivalent^  trivalenty  quadrivalent^  etc.,  are 
also  employed  with  similar  meaning.  Atoms  liaving  the  same  decree  of 
qnantivalence  are  said  to  be  equivalerU ;  this  is  true  of  Ka  and  £,  both 
monads,  and  they  may  replace  each  other  in  similar  compounds ;  but  it 
requires  two  sodium  atoms  to  be  equivalent  to  one  calcium  atom,  since  the 
latter  is  a  dyad. 

The  degree  of  qnantivalence  may  vary  for  many  of  the  elements  in 
different  compounas ;  for  example,  in  FeO  or  FeS,  iron  (Fe)  is  bivalent| 
since  it  satisfies  or  is  combined  with  simply  a  dyad ;  in  FeS^,  it  is  auadri- 
yalenty  since  it  is  united  to  two  atoms  of  a  dyad ;  and,  similarly,  in  [FeJOg 
it  is  sexivalent  (for  the  double  atom). 

Perissadaj  Artiads. — Those  elements  whose  atoms  have  an  odd  qnanti- 
valence ri.  III,  V,  or  VII),  are  cMed  perissads  /  those  whose  qnantivalence 
is  even  ^II,  lY,  YI)  are  called  artiads.  These  terms,  perissaa  and  artiad, 
are  derived  from  irepta-a-o^  and  aprio^y  the  words  for  odd  and  even  in 
ancient  arithmetia  The  following  table  gives  the  division  of  the  ele- 
ments into  these  two  classeSi  and  shows,  also,  t^  qnantivalence  of  each  ele 
ment :  -  « 
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PSBI88A]>a 

McnatU: — 
Hydrogen. 

Fluorine. 

Chlorine,  T,  m,  V,  TIT. 
Bromine,  I,  III,  V,  VII. 
lodino,       I,  in,  V,  VTL 


ABTIADfl. 


Lithiam. 
Sodium, 
Potassiom, 
Bubidium. 


I,  in. 
I,  in,  V. 


Silyer,  I,  IIL 

Thailinm,  I,  III. 

Triads: — 

Nitrogen,  I,  III,  V. 

Phoephoroa  I,  IH,  V. 

Arsenio,  I,  III,  V. 
Antimony,  ni,  V. 

Bismuth,  in,  Y. 


Bqeocl 

Qold, 

Pentads : — 
Columbium. 
Tantalum. 


I,  in. 


Vanadium,         m,  V, 


Dl'odi  : — 
Oxygen. 

Sulphur,  n,  rV,  VL 
Selenium,  II,  IV,  VI. 
TeUurium,  II,  IV,  VI. 

Calcium,  IT,  TV. 
Strontium,  II,  TV. 
Barium,       II,  IV. 

Hagneainm. 

Zinc. 

Cadmium. 

Glucinum. 

Tttrinm. 

Cerium. 

Lanthanum. 

Didymium. 

Erbium. 

Mercury   [Hg«]",  IL 

Copper     [Cui]",  IL 


Tetrads  ;— 
Carbon, 
Silicon. 
Titanium, 
Tin, 

Thorium, 
Zirconium. 

Platinum, 
Palladium, 

Lead, 
Indium. 


HIV; 

n,  TV. 

XI,  IV. 


II,  IV. 

n,  IV. 
HIV. 


HeaBods:— 

Molybdenum,  n,  TV,  VI, 
Tungsten,  IV,  VL 

Ruthenium,  IT,  TV,  VL 

Rhodium,  II,  IV,  VL 

Iridium,  II,  TV,  VL 

Osmium,  n,  IV,  VI. 

Aluminum,    IV,  [AltVK 
Chromium,     II,  IV,  VL 


Manganese, 

Iron, 

Cobalt, 

Nickel, 

Uranium, 


n,  TV,  VL 
II,  IV,  VL 
II,  IV, 
ILIV- 

n,rv. 


The  general  divisions  of  cliemical  compounds  now  accepted  are  as  fol* 
lows. 

1.  Binaries^  where  the  atoms  are  directly  united.  Examples  are  given 
by  the  compounds  of  a  positive  (basic)  element  with  oxygen  (NagO,  CaO, 
CO2),  called  oxides  J  those  with  sulphur,  chlorine,  bromine,  iodine,  etc., 
called  sulphides^  chlorides^  etc.  Binary  compounds  of  a  negative  element 
with  hydrogen  (as  HCl,  HBr)  form  acids. 

2.  temainea^  where  the  atoms  are  united  by  means  of  a  third  atom,  as 
oxygen,  sulphur,  etc.,  as  CaS04,  MgjSiOi,  etc. 

Among  minerals  there  are  three  classes  of  componnds :  (1)  The  Native 
Elements  ;  (2)  Binary  compounds,  including  the  ml^hidea^  oxides^  chlorides^ 
iodides^  fliLorides  ;  (3)  Ternary  comi)onnds,  including  mdph^araeniteSy  etc,, 
hydrates  (hydrated  oxides),  silicates^  mostly  8alt«  of  the  acids  Il^SiOi  and 
HsSiOs,  tantalates,  colnmbates,  ])ho8phates,  arsenates,  sulphates,  chromatcs, 
carbonates,  etc.  The  full  enumeration  of  these  compounds,  with  their  gen- 
oral  chemical  formulas,  are  given  in  the  synopsis  which  precedes  the 
Descriptive  Mineralogy. 

Tlie  position  of  water  m  the  composition  of  minerals. — Many  minerals 
lose  water,  especially  upon  the  application  of  heat.  With  some  of  these  it 
is  ffiven  off  upon  mere  exposure  to  dry  air  at  ordinary  temperature,  and 
Bucli  crystals  are  said  to  effloresce  /  others  lose  water  when  they  are  placed 
in  a  desiccator  over  sulphuric  acid,  or  when  thej  arc  subjected  to  a  slightly 
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elevated  tempcratare ;  with  others,  again,  a  greater  heat  is  required ;  and 
with  a  few  silicates  water  is  yielded  only  upon  long  continued  heating  at  a 
very  high  temperature.  It  is  evidently  possible  that  either,  (1)  the  mineral 
contains  water  as  such,  or  (2)  the  water  is  formed  by  the  process  of  decom- 
position caused  by  the  application  of  heat.  In  the  cases  firat  mentioned, 
where  water  is  readily  given  off,  it  is  believed  that  the  water  actually  exista 
as  such  in  the  compound.  It  is  found  that  many  salts  take  up  water  when 
they  crystallize,  and  in  some  cases  the  amount  of  water  depends  upon  the 
temperature  at  which  the  salt  is  formed ;  this  water  is  called  wcUer  of 
en/ataUization,  For  example:  manganous  sulphate  has  three  definite 
amounts  of  this  water  of  crystallization,  according  to  the  temperature  at 
which  it  has  been  formed.  When  crystallized  below  7**,  its  composition  is 
MnS04H-7H2O;  between  7°  and  20%  MnSO^  +  SH^O;  and  between  20^ 
and30°,  Mn&04+4H20. 

In  those  cases  whore  a  very  high  temperature  is  required  to  make  a  loss 
of  water,  it  is  quite  ceitain  the  water  has  no  place  as  such  in  the  original 
constitution,  but,  on  the  conti-ary,  that  the  mineral  contains  basic  hydrogen, 
replacing  the  other  basic  elements.  In  some  cases,  where  part  of  the  water 
is  yielded  at  a  low  and  the  rest  at  a  very  high  temperature,  this  shows  that 
a  difference  exists  in  regard  to  the  part  wliich  the  water  plays  in  the  two 
cases ;  for  example,  crystallized  sodium  phosphate  yields  readily  24  equiva- 
lents of  water,  wliile  the  remaining  1  molecule  is  given  off  only  at  a  tem- 
prature  between  300°  and  400° ;  from  this  it  is  concluded  that  in  the 
latter  case  the  elements  forming  the  water  exist  actually  in  the  salt,  and 
that  ita  composition  is : 

HaNa4P308+24aq. 

The  part  played  by  the  water  in  the  silicates  is  in  most  cases  still  unde- 
cided, though  in  many  species  the  hydrogen  is  undoubtedly  basic.  The 
latter  is  doubtless  true  of  many  of  the  so-called  hydrous  silicates.  The  views 
commonly  held  in  regard  to  them  will  be  gathered  from  the  descriptive  part 
of  this  work. 

ChernicaL  fo'i'mul/19  for  minerals. — A  chemical  formula  expresses  the 
relative  amounts  of  the  different  elements  present  in  the  compound,  in 
terms  of  their  atomic  weights— or,  in  other  words,  more  strictlv  tlie  number 
of  atoms  of  each  element  in  a  given  molecule  with  or  without  the  expression 
of  their  probable  grouping. 

Empirical  formulas  simply  state  in  the  briefest  form  the  result  of  the 
analysis,  giving  the  number  of  atoms  of  each  element  present  without  any 
theoretical  <x)nsiderations.  For  example,  the  empirical  formula  of  cpidote 
is  Si^lgCa^HaOja. 

The  object  of  the  rational  formulas  is  to  express  not  only  the  number  of 
atoms  of  each  element  present,  but  also  their  pi-obable  method  of  grouping, 
and  relation  to  each  other,  in  the  molecule.  These  are  called  typical  for- 
mulas when  the  attempt  is  made  to  arrange  the  atoms  in  accordance  with  the 
type  of  water,  or  some  other  type. 

In  the  rational  formulas  of  the  old  chemistry  the  oxygen  (or  sulphur) 
was  apportioned  to  the  several  elements,  according  to  their  combining 
power,  and  the  basic  and  acid  oxides,  or  sulphides,  thus  obtained  were  writ- 
ten consecutively.    For  example,  the  formula  of  wollastonite  (calcium  Bili* 
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cate),  according  t )  the  old  dualistic  method,  was  written  CaO,  SiO^,  and 
of  anhydrite  (calciam  Bulphate),  CaO,  SOg.  The  principles  of  the  new 
chemistry  have  set  aside  these  rational  formulas ;  but  as  others  consistent 
with  the  new  principles  now  adopted  have  not  in  all  cases  been  accepted, 
it  is  customarjr  to  give  the  formulas  of  minerals  empirically.  For  those 
above  the  empirical  formulas  are  CaSiOj  and  CaS04. 

Hdation  between  the  old  and  new  systems. — The  points  of  difterence 
between  the  old  and  new  chemistry  have  already  been  hinted  at.     The 

Principal  changes  which  have  been  introduced  by  the  latter  are :  (1)  The 
oubling  of  all  the  atomic  weights,  except  those  of  the  monad  elements, 
and  also  of  bismuth,  ai'senic,  antimony,  nitrogen,  phosphorus,  and  boron, 
whose  oxides  are  now  written  Bi^Os,  instead  or  BiOg,  etc.  Corresponding 
to  this  change,  binary  compounds  involving  the  monad  elements  are  writ- 
ten :  HjO  instead  of  HO,  lfa,0  for  NaO,  Na^S,  etc.,  also  CaCl,  instead  CaCl, 
SiF4  instead  of  SiF,,  and  so  on.  (2)  The  method  of  viewing  the  composi- 
tion of  ternary  compounds — these  being  now  regarded  not  as  compounds 
of  an  oxide  and  a  so-called  acid,  but  as  compounds  for  the  most  part  of 
the  several  elements  concerned,  and  hence  a  metal  in  a  compound  is 
believed  to  be  replaced  by  anotlier  metal,  not  one  oxide  by  another*  Hence 
we  say  calcium  carbonate,  or  carbonate  of  calcium  instead  of  carbonate  of 
lime,  and  write  the  formula  CaCOg,  not  CaO,  COg ;  and  so  in  the  other 
cases. 

Replacing  power  of  the  different  elements. — It  has  been  mentioned 
that  the  replacing  power  of  the  elements  is  in  proportion  to  their  combining 
power,  that  is,  to  their  quantivalence.  For  example,  one  atom  of  Mg  or 
of  Ba  may  replace  one  atom  of  Ca,  all  being  dyads ;  but  two  atoms  of  Na 
(monad)  are  required  to  replace  one  of  Ca ;  similarly  three  dyad  atoms  are 
equivalent,  or  majr  replace,  one  hexad  atom,  thus,  30a  =  [Alg]. 

The  relation  of  the  different  oxides  may  be  understood  from  the  follow- 
ing scheme,  in  which  the  above  principle  is  made  use  of.  The  line  A 
below  contains  the  different  kinds  of  oxides.  B  the  same  divided  each  by 
its  number  of  atoms  of  oxygen  (that  is,  severally,  for  the  successive  terms, 
by  1,  8,  2,  5,  3,  7,  4),  by  wnich  division  they  are  reduced  to  the  protoxide 
form.    C  the  basic  elements  alone : 


A 

EO 

E»0» 

E0» 

E*0» 

E0» 

E?OT 

EO« 

B 

EO 

E»0 

E*0 

E»0 

E*0 

E»0 

E*0 

0 

E 

E> 

E* 

E* 

E* 

E» 

E* 

According  to  the  above  law  the  R,  B*,  B*,  etc.,  in  the  last  line,  are  muta- 
ally  replaceable,  1  for  1,  though  varying  in  atomic  weight  from  1  to  J. 
They  represent  different  states  in  which  elements  may  exist,  and  have,  to  a 
certain  extent,  independent  element^like  relations.  In  some  cases,  as  in 
iron,  four  of  these  states  are  represented  in  a  single  element,  the  compounds 
(I)  FeO,  FeS,  (2)  Fe»0»,  (3)  FeB\  (4)  FeO»  containing  this  metal  in  four 
states  Fe,  Fe»,  Fe»,  Fe». 

The  use  of  the  fractions  can  be  avoided  by  multiplying,  instead  of  divid- 
ing, thus,  Fe«  of  Fe^O*  replaces  Fe  of  FeO,  we  mfght  have  said,  2Fe  of 
Fe*0»  replaces  3Fe  of  FeO  (Fe«0»,  Fe«0»),  «nd  so  for  the  others. 

Those  different  states  of  the  elements  are  best  designated  in  the  symbols 
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by  the  Greek  letters  a,  ^9,  etc.,  thus  avoiding  all  ccnf  iision.    The  above 
Imes  A,  B,  0  then  become 


A 

aRO 

3/8RO 

2yR0 

5SR0 

3eR0 

7{R0 

4i}R0 

B 

aRO 

/8R0 

7RO 

SRO 

eRO 

CRO 

ijRO 

0 

aR 

/SR 

7R 

SR 

«R 

5R 

17R 

By  means  of  this  system  all  the  different  oxides  may  be  redaced  to  the 
common  protoxide  form,  and  thus  the  true  relations  of  the  silicates  may  bo 
clearly  expressed.  This  is  exhibited  in  the  formulas  for  the  silicates  given 
in  Dana's  System  of  Mineralogy  (1868). 

Calcylation  of  a  formula  from  an  andlyeis, — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  ele- 
tiienta  themselves,  or  of  their  oxides  or  other  compounds  obtained  in  the 
chemical  analysis.  In  order  to  obtain  the  atomic  proportions  of  the  ele* 
inents :  Divide  the  peroeniagee  of  the  elements  by  the  reepeotwe  atomio 
WEIGHTS ;  or,  for  those  of  the  oxides :  Divide  the  percefitcLge  am^ounta  of 
each  by  their  molbculab  weights  ;  then,  j^nd  the  eimpleet  ratio  in  whole 
nwnierefor  the  numiere  thus  obtained. 

Examplee. — A.n  analysis  of  bournonite  from  Meiseborg  gave  Rammels* 
berg :  Lead  (Pb)  42-88,  copper  (Ou)  13-06,  antimony  (81^  24-84,  and  sul- 
phur (S)  19*76  =  100*04.  [Dividing  eadi  amount  by  its  atomic  weight  we 
4>btain : 

42-8^       ^^^        18-06       ^..         24-34       ^,^        19*76        .,_ 
-W='^^^5       63T='^°*5       "122-  ='2^^  5      -8r  =  "®^^5- 

The  atomic  ratio  is  hence :— Pb  :  Ou  :  Sb  :  S  =  •207  :  -206  :  -217  :  *6175 ; 
that  is,  1-006  : 1  : 1-053  :  2*998,  or  in  whole  numbers,  1:1:1:3.  The 
empirical  formula  is  consequently  CnPbSbSs. 

An  analysis  of  epidote  from  Dntersulzbach  gave  Ludwig : 

SiO,        AlOg        ffeOg        FeO        CaO        H,0 

87-83       22-63        15  02       0-93        23*27       2*05  =  101-78. 

From  the  results  of  the  analysis  given  in  this  form;  the  percentage 

amount  of  each  element  may  be  calculated  in  the  usual  way  ;  we  obtain : 

Si  17-65,  Al  12-06,  Fe  10-51,  FeO  0*72,  Ca  16*62,  H  0.23,  O  43*64.     The 

UQinher  of  atoms  of  each  elemeut  may  be  calculated  from  the  last  given 

17*65 
percentages  by  dividing  each  by  the  atomic  weight,  that  is  =  *630 

12-06  ^^ 

for  Si,    ^g    =  0-22  for  :Al1  (=  AI2),  etc  Or,  the  percentage  amounts  of  each 

oxide  may  be  divided  by  its  molecular  weight,  and  the  result  will  be  the  same ; 

37*83 
for  8iO„  the  molecular  weight  is  60  (28+2  x  16),  lience,  -i^r-  =  -630  as 

2^*63  ^ 

before;  al8oforAl,103(=2x27*5+8xl6),and-j^=  0-22,  ete.     Th« 

itomic  proportions  thus  obtained  are: 
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Si  M  Pe  Fe  Ca  H  O 

0-630        0-220        0-094        0-013        0-415        0-230        2-727,  oi  si mplj 

•314  0-428 

6  2-9^  4-07  2:2  25-79,    or  again, 

6-8  4  2  26. 

The  empirical  formula  is  consequently  Si^l80a4H^O3B.  As  in  the  abovo 
case,  it  is  necessary,  when  very  small  quantities  only  of  certain  elements 
are  present,  to  neglect  them  in  the  final  formula,  reckoning  tliem  in  with 
the  elements  which  they  replace,  that  is,  with  those  of  the  same  quantiva- 
lence.  The  degree  of  correspondence  between  the  analysis  and  the  formula 
deduced,  if  the  fatter  is  correctly  assumed,  depends  entirely  upon  tlie  accuracy 
of  the  former. 

Qxiantwalervt  Ratio. — ^In  the  chemical  constitution  of  most  minerals 
there  exists  a  strong  distinction  between  the  basic  and  acidic  elements,  and 
this  relation,  in  the  case  of  substances  of  complex  character,  is  often  fixed 
when  otherwise  the  composition  is  exceedingly  yaried.  In  the  dualistic 
formulas  of  the  old  chemistry  this  relation  was  expressed  in  the  "  oxygenr 
ratioj'  which  gave  the  ratio  between  die  number  of  oxygen  atoms  belong- 
ing respectiyely  to  the  bases,  protoxide  and  sesquioxide,  and  to  the  acid. 
The  expression,  "oxygen-ratio,"  is  not  in  harmony  with  the  present  method 
of  yiewing  chemical  compounds,  and  the  term  has  consequently  been,  to 
some  extent,  abandoned ;  the  same  relation,  however,  between  the  different 
classes  of  elements  still  exists,  but  the  ratio  must  be  regarded  as  that  exist- 
ing between  the  total  quantivalences  of  each  group  of  elements,  and  hence 
may  be  called  the  Quantivalent  Ratio.* 

The  old  formula  for  all  the  members  of  the  garnet  family  is  3E,  3ft,  3Si 

=  3R0,  SOs,  3SiOa,  a^d  the  oxygen  ratio  for  Jfe  :  R  :  8i  =  1  : 1 :  2,  or  for 

bases  to  silica,  1  : 1.    Hero  ll  may  be  either  Ca,  Mg,  iTc,  ]^n,  or  Cr,  and  ^ 

either  Al,  Fe,  Or.  This  formula,  however,  written  according  to  tlie  new 
system  (the  quantivalence  being  expressed  by  Roman  numerals  over  the 
symbols),  is : 

II  VI  nr    11  n  VI  iv 

K,ftSi,Oa ;  or  KsfilOolSi,, 

to  indicate  that  the  oxygen  is  regarded  as  all  linking  oxygen.  The  ratio 
of  the  total  quantivalences  for  each  class  of  elements,  dyads  and  hexads 
(basic),  and  the  teti-ad  silicon  (acidic),  is : — 3  x  II :  VI :  3  x  IV,  or,  Q.  ratio 
for  R  :  ft  :  Sit  =  6  :  6  :  12,  that  is,  1 : 1 :  2. 

The  same  ratio  for  (RH-R) :  Si  =  1  : 1,  both  of  which  are  identical  with 
the  previously  given  oxygen  ratio. 

*  This  xelation  was  brought  out  hy  Prof.  Dana  in  1867  (Am.  J.  Scl.,  xUv.«  80,  252,  898), 
and  it  forms  the  basis  of  all  the  formulas,  aocording  to  the  new  system,  in  Dana's  System  of 
Mineralogy,  1868.  Prof.  Cooke  has  discussed  tl;e  same  subject  (Am.  J.  ScL.  II.,  xlvii,  386, 
1869),  he  calls  the  ratio,  the  Atomic  Batio  ;  the  latter  term,  however,  is  generally  used  in  a 
different  sense,  hence  the  expression  Quantivalent  Ratio  employed  here. 

f  Throughout  this  work  the  letter  B,  unless  otiierwise  Indicated,  represents  a  bivalent 
metal,  and  fi  either  ¥e^  :M,  ^,  Mn,  where  the  qaantiyalenoe  of  the  double  atom  is  mx,  la 
ft  few  ciases,  to  indicate  further  relations,  the  sign  of  the  quantiYalence  is  sometimes  emnloyed 
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Thus  the  oosygen  ratio  of  the  old  system  becomes  the  quantivalent  ratio 
of  the  new,  ^^  a  term,  too,  which  has  a  wider  meaning  and  bearing  than  that 
which  it  replaces."  This  principle  of  the  ratio  between  the  total  qaanti- 
valences  is  an  important  one,  and  fundamental  in  the  character  of  chemical 
componnds.  This  is  well  shown  in  the  example  here  given,  where,  for  a 
family  of  minerals  of  so  varied  composition  as  the  garnets,  it  remains  con- 
stant in  all  varieties.  Its  importance  is  even  more  marked  in  the  many 
Btlicates  where  ■R  replaces  SR  (as  in  sjpodamene  in  tlie  pyroxene  family). 

The  quantivalent  ratio  is  obtained  by  multiplying  the  quantivalence  of 
oach  class  of  elements  present  by  their  number  of  atoms;  or  by  dividing 
the  percentage  amount  of  each  element  by  the  atomic  weight  and  multiply 
by  Its  quantivalence.  When  the  basic  or  acid  oxides  are  given,  divide 
the  percentage  amount  of  each  by  the  molecular  weight,  and  multiply  as 
before  by  the  number  expressing  the  quantivalence,  and  the  result  is  the 
total  quantivalence  for  the  given  element. 


DiMOBPuisM.    Isomorphism. 

A  chemical  compound,  which  crystallizes  in  two  forms  genetically  dis- 
tinct, is  said  to  be  dimorphous  ;  ir  in  three,  trvmorphouB^  or  in  general 
pUairuyrphoui.    The  phenomenon  is  called  dimorphism,  or  pleomorphism. 

On  the  other  hand,  chemical  compounds,  which  are  of  dissimilar  though 
analogous  composition,  are  said  to  be  isomorphoua  when  their  crystalline 
forms  are  identical,  or  at  least  very  closely  related  (sometimes  called  homoeo- 
morphous).     This  phenomenon  is  called  isomorphism. 

An  example  oi  pleoraorj>kisni  is  given  by  the  compound  calcium  carbon- 
ate (CaCOs),  whicn  is  trimorphovs  :  appearing  as  calcite,  as  aragonite,  and 
as  baryto-calcite.  As  calcite^  it  crystallizes  in  the  rhoinbohedi*al  system, 
and,  unlike  as  its  many  crystalline  forms  are,  they  may  he  all  referred  to 
the  same  fundamental  rhombohedron,  and,  what  is  more,  they  have  all  the 
same  cleavage  and  the  same  specific  gravity  (2*7),  and,  of  coui'se,  the  same 
optical  characters.  As  aragonite^  calcinm  carbonate  appeara  in  orthorhom- 
bic  crystals,  whose  optical  characters  are  entirely  different  from  those  of 
calcite,  as  will  be  understood  from  the  explanations  made  in  the  preceding 
cliapter.  Moreover,  the  specific  gravity  of  aragonite  (2*9)  is  higher  than 
that  of  calcite  (2*7).  Again,  as  baryto-calcitey  calcium  carbonate  crystal- 
lizes in  a  monoclinic  form. 

The  explanation  of  the  phenomenon  of  pleomorphism  in  this  case — and 
an  analogous  explanation  must  answer  for  all  sucli  cases — is  to  be  found, 
not  as  was  once  pi*oposed  in  a  slight  variation  of  chemical  composition,  but 
in  the  different  conditions  in  which  the  same  compound  has  been  formed. 
Thus  Kose  has  shown  that  the  calcium  carbonate  precipitated  from  a  solu- 
tion by  the  alkaline  carbonates  in  the  cold  has  the  form  of  calcite,  whereas, 
if  the  precipitation  takes  place  at  a  temperature  of  100^  C,  it  takes  the 
form  of  aragonite.  Moreover,  he  found  that  aragonite  on  heating  fell  to 
powder,  and  though  no  loss  of  weight  took  place,  the  specific  gravity  (2*9) 
Docame  that  of  calcite  (2*7). 

Many  other  examples  of  pleomorphism  may  be  given :  Silica  (SiOa)  is 
trimorphous ;  appearing  as  qxcartz^  rhombohedral,  G  =  2*66 ;  as  tridymit^ 
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hexagonal,  G  =  2*3 ;  and  as  asmcmUey  orthorhombic,  O  =  2-24  Titam« 
oxide  (TiO))  is  also  trimorphous,  the  species  being  called  rutUe^  tetragonal 
(c  =  -6442),  G  =  4-25 ;  ootahedrite  (e  =  1-778),  G  =  3-9 ;  and  brookiU, 
orthorhomoic  or  monoclinic,  G  =  4'15.  Carbon  appears  in  two  forms,  in 
diamond  and  graphite.  Other  familiar  examples  are  pyrite  and  marcasite 
(FeSj) ;  acauthite  and  argentite  (A^^S) ;  sphalerite  and  wiirtzite  (ZnS) ; 
sulphnr  natural,  orthorhombic,  if  artificial  and  crystallizing  from  a  molten 
condition,  monoclinic.  The  relation  in  form  or  the  species  mentioned, 
and  also  of  those  of  other  dimorphous  groups,  will  be  found  in  Fart  III., 
Descriptive  Mineralogy. 

Isomorphism  is  weU  illustrated  by  the  group  of  rhombohedral  carbonates, 
with  the  general  formula  RGO,.  Here  K  may  be  Oa,  Mg,  Fe,  Mn,  or  Zn ; 
or  further,  in  the  same  species,  the  R  may  be  represented  by  both  Ca  and 
Ms  in  varying  proportions,  as  remarked  on  the  following  page,  or  both  Ca 
and  Fe,  etc.    The  group  is  as  follows : 


Caloite.         Dolomite. 

CaCO,      i;*  I  2C0: 


Ca 


Magnealte. 

Rhodoehioaite. 

Sideiite. 

BmiOiMmite. 

MgCO, 

MllCOs 

FeCO, 

ZnCO, 

107"  29' 

106°  61' 

107"  0' 

107"  40'. 

105**  5'      106°  15' 

Ankerito  (parankerite),  breunerite,  mesitite,  and  pistomesite  belong  to 
the  same  ^roup.  Ail  the  above  species  have  an  analogous  com^ition,  and 
all  crystallize  in  the  rhombohedral  system,  the  angl^  of  tlie  fundamental 
form  varying  somewhat  in  the  different  cases. 

Mitscherlich,  who,  by  a  series  of  experimental  researches,  established  the 
principle  of  isomorphism,  expressed  it  as  follows :  Svhstances^  which  are 
analogoics  chemicat  compounds,  have  the  same  crystaUine  form^  or  are 

ISOMOBPHOUS. 

Some  of  the  more  important  isomorphous  groups  are  mentioned  below, 
for  the  description  of  the  different  species  reference  must  be  made  to 
Part  III. 

Isomstric  system, — (1)  The  spinel  group,  having  the  ^neral  foimula 
RRGi,  including  spinel  MffA104,  magnetite  FeFeOi,  chromite  FeGrO^,  also 
f ranklinite,  gahnite,  etc.  (2)  The  ajlum  group,  for  example,  potash-alum 
K^lS40,5  4-24aq,  etc.  (3)  The  oasnet  group,  having  the  general  formula 
RsRSisO^ 

Tetragonal  system. — ^Rutilb  group,  ROj ;  including  rutile  TiO,,  and  cas- 
diterite  Sn02.  The  soHBELns  group;. including  scheelite  CaWOi,  stoLdte 
PbWOj,  wulfenite  PbMO*. 

Hexagoncd  system. — ApATrrE  group  ;  apatite  3Ca8P80g  +  Ca(Cl,  F),,  pyro- 
Hiorphite  SPbgPaOgH-PbClQ,  mimetite  SrbsAsaOgH-PbClj,  and  vanadinite 
3PbgVa08+PbCl2.  Cobunddm  group,  fiOg;  corundum  AlOj,  hematite 
FeOg,  menaccauite. 

Hhomhohedral  system. — Oalctte  group,  RCOg,  already  mentioned. 

Orthorhombic  system. — ABAGONrrs  group,  RCOj;  aragonite  CaCOg, 
wi therite  JBaCOg,  strontianite  SrCOg,  cerussite  PbCOg.  Baette  group,  RSO4 ; 
barite  BaS04,  celestite  SrS04^nhydrite  CaSO^,  anglesite  PbSO^.  Obbtso- 
UTB  group,  general  formula,  KsSiO^. 
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Mtmodmictystem. — Cofpbbas  group  pnelanterite  FeSOi+Taq ;  biebcrito 
CoSOi+Taq,  etc.     Pyroxene  eronp,  ESiOv  etc. 

Monodinic  and  Tndinic.    Feldspar  group. 

The  above  enumeration  includes  only  the  more  prominent  amcng  tha 
isomorphous  groups.  In  many  other  cases  a  close  relationship  exists  among 
Bpecies,  both  m  form  and  composition,  as  brought  out  in  Dana^s  System  of 
Mineralogy  (1854),  and  as  also  to  some  extent  exhibited  in  the  grouping  of 
the  species  in  the  descriptive  part  of  this  work. 

(1)  It  will  be  observed  in  the  above  that  a  replacement  of  an  element  in  a 
compound  by  one  or  more  other  elements,  chemically  equivalent,  may  take 
place  without  any  essential  change  of  the  crystalline  form.  Besides  this  a 
part  of  one  element  may  be  simihtrly  replaced.  This  is  illustrated  in  the 
case  of  tlie  rhombohedxal  carbonates:  calcite  has  the  composition  GaCOg, 
and  raagnesite  MgOOg ;  but  in  dolomite  the  place  of  the  basic  element  is 
taken  by  Ca  and  M^  in  equal  proportions,  so  that  the  formula  may  be 
written  (iCa+iMg)C08,  or  more  properly  CaMgQjOs.  But  besides  this 
compound  there  are  others  where  the  ratio  of  Ca  to  Mg  is  3  :  2,  also  2  : 1, 
and  3  : 1,  etc.  Further  than  this  the  Ca  or  Mg  may  be  m  part  replaced  by 
Mn,  Fe,  orZu. 

The  mineral  ankerite  is  one  in  which  Ca,  Mg,  Fe  (Mn),  all  enter,  and  in 
different  propoitions.  Boricky  has  shown  that  the  composition  of  the 
ankerite  group  of  compounds  is  expressed  by  the  formula : — CaCOs+FeOOg 
+a<CaMgC,Ofl),  where  x  may  be  i,  1,  f ,  |,  |,  2,  3,  4,  6, 10.  This  and  all 
Bimilar  cases  are  examples  of  isomorpJioiM  replacement. 

It  is  not  essential  that  the  replacing  elements  in  an  isomorphous  series 
should  have  the  same  quantivalence,  although  this  is  generally  true.  For 
example,  spodumeue  is  isomorphous  with  the  pyroxene  group,  though  in  it 
the  bivalent  element  is  replaced  by  a  sexivalent  (3B  =  S).    So,  too,  menac- 

niv 

canito  was  included  in  the  corundum  group,  since  here  IlBOs  is  isomor- 
phous with  fiOg.  This  relation  of  the  elements,  which  are  not  equivalent, 
18  brought  out  by  the  method  of  viewing  the  oxides  presented  on  p.  174 

(2).  Minerals  which  crystallize  in  different  systems  may  yet  be  isomor- 
phous, when  the  difference  between  their  geometrical  form  is  slight ;  this 
18  conspicuously  true  of  the  members  of  the  feldspar  family. 

(3).  Miiiei-als  may  be  closelv  related  in  form,  although  there  is  no  ana- 
logy whatever  between  their  chemical:  composition ;  many  such  cases  have 
been  noted,  e.g.^  axinito  and  glauberite,  azurite  and  epidote. 

Two  substances  may  be  both  homoeomorphous  and  correspondingly 
dimorphous ;  and  they  are  then  described  as  isodimorphous.  Titanic  oxide 
(TiOa),  and  stannic  oxide  (SnOa),  are  both  dimorphous,  and  they  are  also 
hoinoeomoi-phous  severally  in  each  of  the  two  forms.  This  is  an  example 
of  uodimorphi^m. 

There  are  also  cascA  of  isotrimorphisnu  Thus  there  are  the  following 
related  groups ;  the  angle  of  the  rhombohedral  forms  here  given  is  ^  :  J? ' 
of  the  oithorhombic  and  monoclinie  / :  /(for  baryto-calcite  2-S  on  2-i): 

JShombohedral  Orthorhombie,  Mcnodinic, 

fiOO.  Oaloite,  105<'  5'.  Aiagonite,  116<»  KK.  Barytooaloite,  96o  9. 

BSO«  DreeUte,  OS^'-Q^o.      Anglente,  lOS^  88'.  GUuberite,  83<'-88''  W. 

Ba0«+iiBCO4       Sumimite,  94^  LeadhOUte,  108<»  10'.        Laoarkite,  Si^** 
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Calcite,  aragoBite,  and  barjtocalcite  form  an  andoabted  cage  of  irimor 
phis7ny  as  has  already  been  shown.  Dreelite,  anglesite,  and  glanberite 
constitute  another  like  series,  and  moreover  it  is  cioselj  parallS  in  angle 
Mrith  the  former.  In  the  third  ]ine  we  have  the  snlphato-carbonato  susan- 
nite  near  dreelite  in  angle,  leadhillite  (idei)tical  with  susannite  in  composi- 
tion) near  anglesite,  and  lanarkite,  another  sulphato-carbonate,  near  glan- 
berite,  forming  thus  a  third  parallel  line.  The  sulphuric  acid  in  these  sul- 
phato-carbonates  dominates  over  the  carbonic  acid,  and  gives  the  form  of 
the  sulphates  enumerated  in  the  second  line  of  the  table. 

Chemical  Examination  of  Minerals. 

The  chemical  characters  of  minerals  are  ascertained  (a)  by  the  action  oi 
acids  and  other  reagents ;  {b)  by  means  of  the  blowpipe  assisted  by  a  few 
chemical  reagents ;  {c)  by  chemical  analysis.  The  last  method  is  the  only 
one  by  which  the  exact  chemical  composition  of  a  mineral  can  be  deter- 
mined. It  belongs,  however,  wholly  to  chemistry,  and  it  is  unnecessary  to 
touch  upon  it  here  except  to  call  attention  to  the  remarks  already  made 
(p.  160)  upon  the  essential  importance  of  tlie  use  of  pure  material  for  analysis. 

The  various  tests  and  reactions  of  the  wet  and  dry  methods  are  impoi*tant, 
since  they  often  make  it  possible  to  determine  a  mineral  with  verj  little 
labor,  and  this  with  the  use  of  the  minimum  amount  of  material. 

a.  Examination  in  the  Wet  Way. 

The  most  common  chemical  reagents  are  the  three  mineral  acids,  hydro- 
chloric, nitric,  and  sulphuric.  In  testing  the  powdered  mineral  with  these 
acids,  the  important  points  to  be  notea  are :  (1)  the  degree  of  solubility, 
and  (2)  the  pnenomena  attending  entire  or  partial  solution ;  that  is,  whether 
a  gas  is  evolved,  producing  eff^ervescence,  or  a  solution  is  obtained  without 
efirervescence,  or  an  insoluble  constituent  is  separated  out. 

Solubility, — In  testing  the  degree  of  solubility  hydrochloric  acid  is  moet 
cx)mraonly  used,  though  in  the  case  of  sulphides,  and  compounds  of  lead 
and  silver,  nitric  acid  is  required.  Less  often  sulphuric  acid,  and  aqua 
regia  (nitro-hydrochloric  acid),  are  resorted  to. 

Many  minerals  are  completely  aolvile  vyithout  ^ervescence  :  among  these 
are  some  of  the  oxides,  hematite,  limonite,  gothite,  etc.,  some  sulphates, 
many  phosphates  and  arseniates,  etc. 

SohiMlity  vnth  efervescence  takes  place  when  the  mineral  loses  a  gaseous 
ingredient,  or  when  one  is  generated  by  the  mutual  decomposition  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carbonates^  all  of  which  dissolve 
with  effervescence,  giving  off  carbonic  acid  (pi-operly  carbon  dioxide,  CO2), 
though  some  of  them  only  when  pulverized,  or  again,  on  tlie  addition  of 
heat.     In  applying  this  test  dilute  hydrochloric  acid  is  employed.    Sul- 

Ehuretted  hydrogen  (HgS)  is  evolved  by  some  sulphides,  when  dissolved  in 
ydrochloric  acid:  this  is  true  of  sphalerite,  stibnite,  greenockite,  etc 
Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadie 
acid  salts,  when  dissolved  in  hydrochloric  aci.l.  Nitric  peroxide  is  given 
off  by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite^ 
etc.),  when  treated  with  nitric  acid. 
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The  separation  of  an  maolvhU  ingredient  takes  place :  With  man^  sili- 
catee,  the  silica  separating  sometimee  as  a  fine  powder,  and  again  as  a  jelly  ; 
in  tlie  latter  case  tlio  mineral  is  said  to  gelatinise  (sodalite,  aa.i1uite).  Id 
order  to  test  this  point  the  finely  pulverized  silicate  is  digested  with  stixing 
hydrochloric  a<tia,  and  the  solution  afterward  slowly  evapomted  nearly  to 
dryness.  With  a  cousiderablo  number  of  silicates  the  gelatlnizatiou  taken 
place  only  after  ignition  ;  while  others,  which  ordinarily  gelatinize,  aro 
rendered  insoluble l)y  ignition. 

With  many  sulphides  a  separation  of  sulphur  takes  place  wlien  tliey  are 
treated  with  nitric  acid.  CompoundB  of  titanic  and  tnngstic  aclda  are 
decomposed  by  hydrochloric  acid  with  tlie  separation  of  the  oxides  named. 
The  same  is  true  of  salts  of  molybdic  and  vanadiu  acids,  only  that  here  the 
oxides  are  soluble  iu  an  excetis  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  witli  hydrochloric 
acid  insoluble  lesidues  of  the  chlorides.  These  compounds  are,  however, 
soluble  iu  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  Btannio 
oxide  separates  as  a  white  powder.  A  corresponding  reaction  takes  place 
under  similar  circumstances  with  minerals  containing  arsenic  and  antimony. 

Insoluble  minefola. — A  large  number  of  uiinerals  are  not  sensibly 
attacked  by  any  of  tho  acids.  Among  tliese  may  be  named  the  following 
oxides:  corundum,  spuiel,  chromite,  diaspore,  rutilo,  cassitorite,  quartz; 
also  ccrargyrite ;  many  silicates,  titanates,  tantalates,  and  columbates ;  also 
tho  sulphates  (barite,  celestito,  anglcsite);  many  phosphates  (xenotime, 
kzulite,  childreuite,  amblygonite),  and  the  borate,  boracite. 


A.  Eeamination  of  Mineraia  by  means  of  the  BUnopi^. 


tr^^ 


Blowpipe. — The  simplest  form  of  the  blowpipe  is  a  tapering  tube  of 
brass  (f.  413, 1),  with  a  minute  aperture  at  the 
extremity.  A  chamber  is  advantageously 
added  (f.  4t3,  2)  at  o,  to  receive  the  condensed 
moisture,  and  an  ivory  mouth-piece  is  often 
very  convenient.  In  the  better  forms  of  the 
instrument  (see  f.  413,  3),  the  tip  is  made  of 
solid  platinum  {f),  which  admits  of  being 
readily  cleaned  when  necessary.  Opcratious 
ivith  the  blowpipe  often  require  an  unintei-- 
initted  heat  for  a  considemble  lengtli  of  time, 
and  always  longer  than  a  single  breath  of  the 
operator.  It  is  therefore  i-cquisito  that  breath- 
ing and  blowing  shoulil  go  on  together.  This 
may  be  difHcult  at  first,  but  the  necessary  skill 
or  tact  is  soon  acquired. 

Blowpipe-fiaine. — The  best  and  most  con- 
Teuient  source  of  heat  for  blowpipe  purposes 
is  ordinary  illuminating  gas.  The  b\irner  is  a 
umple  tubo,  flattened  at  the  top,  and  cut  off  a 
little  obliquely ;  it  thus  furnishes  a  fiame  of  convenient  shape.     A.  simiLu 
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t'et  maj  also  be  need  in  conjanction  with  the  ordinary  BniiBen  burner,  it 
»eing  60  made  as  to  slip  down  within  tlie  outer  tube,  and  cut  off  the  supply 
of  air,  thus  giving  a  luminous  flame.  The  ^as  flame  required  need  not  be 
more  than  an  inch  and  a  half  in  height,  in  place  of  the  gas,  a  lamp  fed 
with  olive  oil  will  answer,  or  even  a  ^ood  caudle. 

The  jet  of  the  blowpipe  is  brought  close  to  the  gas  flame  on  the  higher 
side  of  the  obliquely  terminated  bunier.  The  arm  of  the  blowpipe  ia 
inclined  a  little  downward,  and  the  blast  of  air  produces  an  oblique  conical 
flame  of  intense  heat.  This  blowpipe  flame  consists  of  two  cones :  an  inner 
of  a  blue  color,  and  an  outer  cone  which  is  yellow.  The  heat  is  most 
intense  just  beyond  the  extremity  of  the  blue  flame,  and  the  mineral  is  held 
at  this  point  when  \\a  fusihUity  is  to  be  tested. 

The  mner  flame  is  called  the  aeduoino  flame  (R.F.) ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high 
temperature  pi*e8ent  tend  to  combine  with  the  oxygen  of  the  mineral 
brought  into  it,  or  in  other  words,  to  redtice  it.  The  oest  reducing  flame 
is  produced  when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame; 
it  should  retain  the  yellow  color  of  the  latter. 

The  outer  cone  is  called  the  oxidizino  flame  (O.F.)  ;  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  nence  an  oxidising  effect  upon  the  assay.  This 
flame  is  best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little 
in  the  gas  flame ;  it  should  be  entirely  non-luminous. 

Supports. — Of  other  apparatus  required,  the  most  essential  articles  are 
tlioee  which  serve  to  support  the  mineral  in  the  flame ;  these  supports  are : 
(1)  charcoal,  (2)  platinum  forceps,  (3)  platinum  wire,  and  (4)  glass  tubes^ 

(1)  Charcoal  is  especially  useful  as  a  support  in  tlie  case  of  the  examina- 
tion of  metallic  minerals,  where  a  reduction  is  desired.  It  must  not  crack 
when  heated,  and  should  not  yield  any  considerable  amount  of  ash  on  com- 
bustion ;  that  made  from  soft  wood  (pine  or  willow)  is  the  best.  Pieces  of 
convenient  size  for  holding  in  the  hand  are  employed  ;  they  should  have  a 
smooth  surface,  and  a  small  cavity  should  be  in  it  made  for  the  mineral. 

(2)  A  convenient  kind^  of  platinum  forceps  is  represented  in  f .  414 ;  it 
is  made  of  steel  with  platinum  points.    These  open  by  means  of  the  pins 

414 


pp ;  other  forms  open  by  the  spring  of  the  wire  in  the  handle.  Care  muse 
be  taken  not  to  heat  any  substance  (^.^.,  metallic)  in  the  forceps,  which  when 
fused  might  injure  the  platinum. 

(3^  Ptatinum  wire  is  employed  with  the  use  of  fluxes,  as  described  in 
anotner  place. 

(4)  The  glass  tvbes  required  are  of  two  kinds :  dosed  tubes,  having  only 
one  open  end,  about  four  inches  long;  and  cpet^  tubes,  having  both  ends 
open,  four  to  six  inches  in  length,  ^oth  kinds  can  be  easily  made  by  the 
student  from  ordinary  tubing  (best  of  rather  hard  glass),  having  a  bore  of 
I  to  ^  of  an  inch. 
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In  the  way  of  additional  apparatus,  the  following  articles  are  nseful ;  the; 
need  no  special  description :  nammer,  small  anvil,  three-cornered  file,  mag- 
net, pliers,  pocket-lens,  and  a  small  mortar,  as  also  a  few  of  tlie  test-tubos. 
etc.,  used  in  the  laboratory, 

C/iemvnl  reagents, — The  commonest  rea^nts  employed  are  the  fluxes, 
Tiz^  soda  (sodium  carbonate) ;  salt  of  phosphorus  (sodium-ammonium 
phosphate);  and  borax  (sodium  bi borate).  The  method  of  using  them  ifl 
spoken  of  on  p.  208. 

Nitrate  of  cobalt  in  solution  is  also  employed.  It  is  conveniently  kept 
in  a  small  bulb  from  which  a  drop  or  two  may  be  obtained  as  it  is  needed. 
This  is  used  principally  as  a  test  for  aluminum  or  magnesium  with  infusible 
minerals,  as  remarked  beyond.  The  f rajment  of  the  mineral  held  in  the 
forceps  IB  first  ignited  in  the  blowpipe  name,  a  drop  of  the  cobalt  solution 
IB  placed  on  it,  and  then  it  is  heated  again ;  the  presence  of  either  constitu- 
ent named  is  manifested  by  the  color  assumed  by  the  ignited  mineral.  It 
is  also  used  as  a  test  for  zinc.  Potassium  bisulphate  and  calcium  fluoiide 
(flnorite)  in  powder,  metallic  magnesium  (foil  or  wire^,  and  tin  foil,  are 
othei  rea^nts,  the  use  of  which  is  explained  later.  Test-papers  are  also 
needed,  viz.,  blue  litmus  paper,  and  turmeric  paper. 

The  wet  reagents  required  ai*e :  the  ordinary  acids,  and  most  important 
of  these  hydrochloric  acid,  generally  diluted  one-half  for  use,  and  also 
barium  chloride,  silver  nitrate,  ammonium  molybdate. 

The  blowpipe  investigation  of  minerals  includes  their  examination,  (1)  in 
the  platinum-pointed  forceps,  (2)  in  the  closed  tube,  (3)  in  the  open  tube, 
(4)  on  charcoal,  and  (5)  witn  the  fluxes. 

(1)  Ejoaminatio^  in  the  forceps. — ^The  most  important  use  of  the  plati- 
nnm-pointed  forceps  is  to  hold  the  fragment  of  the  mineral  while  its  fusi- 
bility is  tested. 

The  foUowing  praotdoal  points  mnst  be  regarded :  (1)  Metallio  minerala,  which  when  fosed 
may  injure  the  platinnm,  should  be  examined  on  charcoal ;  (2)  the  fragment  taken  should  be 
thin,  and  as  smaU  as  can  conveniently  be  held ;  (8)  when  decrepitation  takes  place,  the  heat 
must  be  applied  slowly,  or,  if  this  does  not  prevent  it,  the  mineral  may  be  powdered  and  a 
paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  the  platinum  wire ;  or 
the  paste  may,  with  the  same  end  in  view,  be  heated  on  dhafooal ;  (4)  the  fragment  whose 
fnsibitity  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just  beyond  the 
eKtremi<7  of  the  blue  cone. 

In  connection  with  the  trial  of  fusibility,  the  following  phenomena  maj 
be  observed  :  {a)  a  coloration  of  the  flame ;  (p)  a  swelling  up  (stilbite),  or 
an  exfoliation  of  the  mineral  (vermiculite) :  or  {c)  a  glowing  witliout  fusion 
(calcite) ;  and  (ft,)  an  intumescence,  or  a  spirting  out  of  the  mass  as  it  fuses 
(scapolite).  The  color  of  the  mineral  after  ignition  is  to  be  noted ;  and  the 
nature  of  the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby 
glass  is  obtained,  or  a  black  slag,  or  whether  magnetic  or  not,  etc. 

The  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened 
with  the  cobalt  solution  and  again  ignited  (see  above) ;  also,  if  not  too 
fusible,  it  may,  after  treatment  in  the  forceps,  be  placed  upon  a  strip  of 
mdstened  turmeric  paper,  in  which  case  an  alkaline  reaction  shows  the 
presence  of  the  alkabne  earths. 

F^mbiliiy. — ^All  grades  of  fusibility  exist  among  minerals^  from  thos« 
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which  fuse  in  >arge  fragments  in  the  flame  of  the  candle  (stibnite,  see 
below),  to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blow- 
pipe name  (hronzite) ;  and  still  again  there  are  a  considerable  number 
which  are  entirely  infusible  (fi-g*^  corundum). 

The  following  scale  of  fusibility,  proposed  by  von  Kobell,  is  made  use 
of :  1,  stibnite ;  2,  natrolite ;  3,  almandine  garnet ;  4,  actinolite ;  5,  ortho- 
clase ;  6,  bronzite. 

A  little  practice  with  these  minerals  will  show  the  student  what  degree 
of  fusibility  is  expressed  by  each  number,  and  render  him  quite  independent 
of  the  table ;  he  will  thus  bo  able  also  to  judge  of  his  power  to  produce  a 
hot  flame  by  the  blowpipe,  which  requires  practice. 

FlaTne  coloration, — Wlien  coloration  is  produced  it  is  seen  on  the  exterior 
portion  of  the  flame,  and  is  best  observed  when  shielded  from  the  direct  light 

The  presenoe  of  soda,  eyen  in  small  quantities,  piodnoes  a  yellow  flame,  which  (except  in 
the  spectroscope)  more  or  lass  completely  masks  the  coloration  of  the  flame  dae  to  other  sah- 
stances ;  phosphates  and  borates  give  the  green  flame  in  general  best  when  they  have  been 
polTerized  and  moistened  with  snlphuric  add ;  moistening  with  hydrochloric  acid  maken  the 
coloration  in  many  cases  (barium,  strontium)  more  distinct. 


\ 


The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows:  (1)  yellow,  ^orfiwm/  (2)  Yioletj  ^otassiufn ; 
'3)  purple-red,  lithium;  red,  strontium;  yellowish-red,  calcium  (lime); 
4)  yellowish-green,  barium,  molybdenum  ;  emerald-green,  copper ;  blnisli- 
green,jr?/io^A<?rt^  (phosphates) ;  yellowish-green,  J^r(?n  (borates) ;  (6)  blue, 
azure-blue,  cqgp^r  chloride  \  light-blue,  ar^cmc/  greenish-blue,  afi^tTTion^. 

(2)  Heating  in  the  closed  tube. — ^The  closed  tube  is  employed  to  show 
the  effect  of  heating  the  mineral  out  of  contact  with  the  air.  A  small  frag- 
ment is  taken,  or  sometimes  the  powdered  mineral  is  inserted,  though  in 
this  case  with  care  not  to  soil  tlie  sides  of  the  tube.  The  phenomena  which 
may  be  observed  are  as  follows :  decrepitation^  as  shown  by  fluorite,  calcite, 
etc. ;  glowing^  as  exhibited  by  gadolinite ;  phosphorescence,  of  which  fluorite 
is  an  example  ;  change  of  color  (limonite),  andliere  the  color  of  the  mineral 
should  be  noted  both  when  hot,  and  again  after  cooling;  fusion;  giving  off 
oxygen,  as  mercuric  oxide ;  yielding  water  at  a  low  or  high  temperature, 
which  is  true  of  all  hydrous  minerals ;  yielding  acid  or  alkaline  vapors, 
which  should  be  tested  by  inserting  a  strip  of  moistened  litmus  or  tunnerio 
paper  in  the  tube ;  yieldmg  a  sublimate,  which  condenses  in  the  cold  part 
of  the  tube. 

Of  the  sublimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar :  Sublimate  yellow,  sulphur : 
dark  brownred  when  hot,  and  red  or  reddish-yellow  when  cold,  arserne 
sulphide;  brilliant  black,  arsenic  (also  giving  off  a  garlic  odor);  black 
when  hot,  bi*own-red  when  cold,  formed  near  the  mineral  by  strong  heating, 
antimony  oxysidphide  ;  dark-red,  selenium  (also  giving  tlie  odor  of  decay- 
ing horseradish) ;  sublimate  consisting  of  small  dix>ps  with  metallic  lustre, 
tsUuHum;  sublimate  gray,  made  up  of  minute  metallic  globules,  mercury  ; 
•ubiimate  black,  lustreless,  red  when  rubbed,  Tnercury  sulphide. 

(3)  Heating  in  tJie  open  tube. — The  small  fragment  is  placed  in  the  tube 
about  an  inch  from  the  lower  end,' the  tube  being  inclined  sufficiently  to 
prevent  the  mineral  from  slipping  out    The  current  of  air,  passing  through 
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the  tabe  during  the  heating  process,  has  an  oxidizmg  effect.  Tlie  special 
phenomena  to  be  observed  are  the  formation  of  a  swblimate  and  the  odor 
of  the  escaping  gases.  The  acid  or  alkaline  character  of  the  vapors  arc 
tested  in  the  same  way  as  with  the  closed  tube.  Fluorides,  when  heated  in 
the  open  tnbe  with  previously  fused  salt  of  phosphorus,  yield  hydrofluoric 
acid,  which  gives  an  acid  reaction  with  test-paper^  has  a  peculiar  pungent 
odor,  and  corrodes  the  ^lass. 

TJie  sublimates  whicn  may  be  formed,  as  far  as  they  differ  from  those 
already  mentioned,  as  obtained  in  the  closed  tube,  are  as  follows :  Subli- 
mate,  white  and  crystalline,  volatile,  arsenous  oxide  ;  white,  near  the  min- 
eral crystalline,  fusible  to  minute  drops,  yellowish  when  hot,  nearly  color 
less  when  cold,  molybdiG  oxide ;  sublimate  white,  yielding  dense  white 
fames,  at  first  mostly  volatile,  forming  on  the  upper  side  ot  the  tube,  and 
afterward  generally  non-volatile  on  the  under  side  of  the  tube,  antimonoua 
and  arUimonic  oxides;  sublimate  dark  brown  when  hot,  lemon-yellow 
when  cold,  fusible,  bismuth  oxide;  sublimate  gray,  fusible  to  colorless 
drops,  teUurous  oxide :  sublimate  steel-gray,  the  upper  edge  appealing  red, 
ideniumj  sublimate  oright  metallic,  Tnercury. 

The  oaoTs  which  may  be  perceived  are  the  same  as  those  mentioned  in 
the  following  article. 

(4)  Heating  alone  on  charcoal. — The  substance  to  be  examined  is  placed 
in  a  sliallow  cavity ;  it  may  simply  be  a  small  fragment,  or,  where  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  thus  the 
material  employed  as  a  paste.    The  points  to  be  noticed  are: 

{(i\  The  od^r  given  on  after  short  beating.  In  this  way  the  presence  of 
Bulpnur,  areenic  (garlic  odor),  and  selenium  (odor  of  decayed  horseradish), 
luay  be  recognized. 

(6)  Fusion. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal ;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium. 

(c)  The  infusible  residue, — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or 
tin.  (2)  It  may  give  an  alkaline  i*eaction  after  ignition  :  alkaline  earths. 
(3)  It  may  be  magnetic,  showing  the  pi-esence  of  iron. 

{(i)  The  sublimate. — By  this  means  the  presence  of  many  of  the  metals 
mav  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N), 
and  at  a  distance  (D) ;  as  also  when  hot  and  when  cold  is  to  be  noteu. 

The  most  important  of  the  sublimates,  with  the  metals  to  which  they  arc 
due,  are  contained  in  the  following  list:  Sublimate,  steel-gray  (N),  and 
dark  gray  (D^,  in  II.F.  volatile  with  a  blue  flame,  selenium  (also  giving  a 
peculiar  odor)  ;  white  (N)  and  red  or  deep  yellow  (D),  in  RF.  volatile  with 
green  flame,  tellurium;  white  (N)  and  grayish  (P\  arsenic  (giving  also  a 
peculiar  alliaceous  odor);  white  (N)  and  bluish  {D),  antimony  {also  giving 
off  dense  white  fumes).  Reddish-brown,  sU/ver  ;  dark  orange-yellow  when 
hot,  and  lemon-yellow  when  cold  (N),  also  bluish- white  (D),  bismuth  ;  dark 
lemon-yellow  when  hot,  sulphur-yellow  when  cold,  lead;  red-brown  (N) 
and  orange-yellow  (D),  cadmium;  yellow  when  hot,  white  on  cooling,  zinc 
(the  sublimate  becomes  green  if  moistened  with  cobalt  solution  and  again 
ignited);  faint  yellow  when  hot,  white  on  cooling,  tin  (the  sublimato 
Secomes  bluish-green  when  ignited  after  being  moistened  with  the  cobalt 
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iK>lution,  in  the  RF.  it  is  reduced  to  metallic  tin) :  yellow,  sometimee  erjrt 
talline  when  hot,  white  when  cold  (N),  bluish  (D),  molj/bden/um  (iji  OJF. 
the  sublimate  volatilizes,  leaving  a  permanent  stain  of  the  oxide,  in  ILF. 
gives  an  azure  blue  color  when  touched  for  a  moment  with  the  flame). 

(5)  Treatment  with  the  flvwea. — ^The  three  fluxes  have  been  mentioned 
on  p.  205.  They  are  used  either  on  charcoal  or  with  the  platinum  wire. 
If  tlie  latter  is  employed  it  must  have  a  small  loop  at  the  end ;  this  is  heated 
to  rednesB  and  dippea  into  tlie  powdered  flux,  and  the  adhering  particles 
fused  to  a  bead ;  this  operation  is  repeated  until  the  loop  is  filled.  Some- 
times in  the  use  of  soda  the  wire  may  at  firat  be  moistened  a  little  to  cause 
it  to  adhei*e.  When  the  bead  is  ready  it  is,  while  hot,  brought  in  contact 
with  the  powdered  mineral,  some  of  which  will  adhere  to  it,  and  then  the 
heating  prof^ess  may  be  continued.  Yery  little  of  the  mineral  is  in  general 
required,  and  the  experiment  should  be  commenced  with  a  minute  quantity 
and  more  added  if  necessarv.  The  bead  must  be  heated  successively  iii 
the  reducing  and  oxidizing  flames,  and  in  each  case  the  color  noted  wnen 
hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed* 

Minerals  containing  sulphur  or  aiBenic,  or  both,  must  be  first  roasted,  that  is,  heated  on 
charcoal,  first  in  the  oxidizing  and  then  in  the  reducing  flame,  tiU  these  substances  haye  been 
Tolatilized.  If  too  much  of  the  mineral  has  been  added  and  the  bead  is  hence  too  opaque  to 
show  the  color,  it  may,  while  hot,  be  flattened  out  with  the  hammer,  or  drawn  out  into  a 
wire,  or  part  of  it  may  be  remoTod  and  the  remainder  diluted  with  more  of  the  flux. 

BoBAX.— The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  and  also  the  metals  to  the  presence  of  whose  oxides 
the  colors  are  due : 

OolorUas ;  silica,  aluminum,  the  alkaline  earths,  etc.  (both  O.F.  and 
R.F.) ;  also  silver,  zinc,  cadmium,  lead,  bismuth,  and  nickel,  O.F.,  and  also 
Jt.F.,  after  long  heating,  but  when  flrst  heated,  gray  or  turbid ;  K.F.,  roau- 
ganese. 

7 Mow  /  in  O.F.,  titanium,  tun^ten,  and  molybdenum,  also  zinc  and 
cadmium,  when  strongly  saturated  and  hot ;  vanadium  (greenish  when 
hot) ;  iron,  uranium,  and  chromium,  when  feebly  saturated. 

Red  to  brown  /  in  O.F.,  iron,  hot  (on  cooling,  yellow) ;  O.F.,  chromium, 
hot  (yellowish-green  when  cold) ;  O.F.,  uranium,  hot  (yellow  when  cold) ; 
nickel,  man^nese,  cold  (violet  when  hot). 

Red;  R.F.,  copper,  if  highly  saturated,  cold  (colorless  when  hot). 

Violet ;  O.F.,  nickel,  hot  (red-brown  to  brown  on  cooling) ;  O.F.,  man- 
ganese. 

Blue;  O.F.  and  RF.,  cobalt,  both  hot  and  cold;  OJ.,  copper,  cold 
(when  hot,  green). 

Green;  O.F.,  copper,  hot  fblue  or  greenish-blue  on  cooling),  R.F.,  bottle- 
green  ;  O.F.,  chromium,  cold  (yellow  to  red  when  hot),  R.F.,  emerald-green; 
O.F.,  vanadium,  cold  (j^ellow  when  hot\  R.F.,  chrome-^reen,  cold  (brown- 
ish when  hot^ ;  II.F.,  uranium,  vellowisn-^reen  (when  highly  saturated). 

Sa.lt  of  Phosphobus. — This  flux  gives  tor  the  meet  pait  reactions  similar 
to  those  obtained  with  borax.  The  only  cases  enumerated  here  are  those 
which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  eUioatea  this  flux  forms  a  glass  in  which  the  leases  of  the  si]  it  Ate 
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are  dissolved,  bat  the  silica  itself  is  left  insoluble*    It  appears  as  a  skeleton 
readily  seen  floating  about  in  the  melted  bead. 

The  (X>lor8  of  the  beads  and  the  metals  to  whose  oxides  these  are  due,  are : 

Blite  /  RF.,  tungsten,  cold  (brownish  when  hot) ;  R.F.,  columbium,  cold 
and  when  highly  saturated  (dirty-blue  when  hot).  Both  these  give  colorless 
beads  in  the  O.F. 

Oreen  /  RF.,  uranium,  cold  (yellowish-green  when  hot) ;  O.F.,  molyb- 
denum, pale  on  cooling,  also  R.F.,  dirty-green  when  hot,  green  when  cold. 

Violet  /  K.F.,  columbium  (see  above) ;  RF.,  titanium  cold  (yellow  when 
hot). 

DODA  is  especially  valuable  as  a  flux  in  the  case  of  the  reduction  of  the 
metallic  oxides ;  this  is  usually  performed  on  cliarcoal.  The  finely  pulver- 
ized minei-al  is  intimately  mixed  with  soda,  and  a  drop  of  water  added  to 
form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and  subjected  to 
a  strong  reducing  flame.  More  soda  is  added  as  that  present  sinks  into  the 
coal,  and,  after  the  process  has  been  continued  some  time,  the  remainder 
of  the  flux,  the  assay,  and  the  surrounding  coal  are  cut  out  with  a  knife, 
and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefully  washed  away  and  the  metallic  globules,  flattened 
out  by  the  process,  remain  behind.  Some  metallic  oxides  are  very  readily 
rednced,  as  lead,  while  others,  as  copper  and  tin,  require  considerable  skill 
and  care. 

The  metals  obtained  may  be :  iron,  nickel,  or  cobalt,  recognized  by  their 
being  attracted  by  the  magnet ;  or  copper,  marked  by  its  red  co\  ^r ;  bis- 
muth and  antimony,  which  are  brittle ;  gold  or  silver ;  antimony,  tePurium, 
bismuth,  lead,  zinc,  cadmium,  which  volatilize  more  or  less  completely  and 
may  be  recognized  by  their  sublimates  (see  p.  207) ;  arsenic  and  mercury 
are  also  reduced,  but  must  be  heated  with  soda  in  the  closed  tube  in  '^rder 
to  collect  the  sublimates.  The  metals  obtained  may  bo  also  tested  with 
borax  on  the  platinum  wire. 

By  means  of  soda  on  charcoal  the  presence  of  sulphur  in  the  sulphat^ee 
maj'  be  shown,  though  they  do  not  yield  it  upon  simple  heating.  When 
soda  is  fused  on  charcoal  with  a  compound  of  sulphur  (sulphide  or  sulphate), 
sodium  sulphide  is  formed,  and  if  much  sulphur  is  present  the  mass  will 
have  the  hepar  (liver-brown)  color.  In  any  case  the  presence  of  the  sulphur 
is  shown  by  placing  the  fused  mass  on  a  clean  surface  of  silver,  and  adding 
a  drop  of  water ;  a  black  or  yellow  stain  of  silver  sulphide  will  be  formed. 
Illuminating  gas  often  contains  sulphur,  and  hence,  when  it  is  used,  the 
soda  should  be  first  tried  alone  on  charcoal,  and  if  a  sulphur  reaction  is 
obtained  (due  to  the  gas),  a  candle  or  lamp  must  be  employed  in  the  place 
of  tKe  gas. 

It  is  also  useful  in  the  case  of  many  minerals  to  test  their  f asibility  or 
inf osibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal. 
Many  ailicates,  though  alone  diflicultlv  fusible,  dissolve  in  a  little  soda  to  a 
clear  glass,  but  with  more  soda  they  lorm  an  infusible  mass.  ManganesOi 
when  present  even  in  minute  quantities,  gives  a  bluish-green  color  to  Uia 
•odab^ad. 

14 
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CaAB40TBBIBTI0  BbACTIOHB  OF  THB  MOST  IMFOSTAMT  ELBHEKTS  AHO  OF  BOMB  09 

THBIB  Comfouudb. 

The  follow:^  list  contains  the  most  characteristic  reactions,  both  before 
the  blowpipe  m.B.^  and  in  some  cases  in  the  wet  way,  of  the  different  ele- 
ments and  their  oxides*  It  is  desirable  for  eveiy  stadent  to  be  familiar 
with  them«  Many  of  them  have  already  been  briefly  mentioned  in  the 
preceding  pages.  It  is  to  be  remembered  that  while  the  reaction  of  a 
single  sobstance  may  be  perfectly  distinct  if  alone,  the  presence  of  other 
substances  may  more  or  less  entirely  obscure  these  reactions ;  it  is  conse- 
quently obvious  that  in  the  actual  examination  of  minerals  precautions  have 
to  be  taken,  and  special  methods  have  to  be  devised,  to  overcome  the  difii- 
cultj  arising  from  this  cause.  These  will  be  gathered  from  the  pyrognostic 
characters  given  (by  Prof.  Brush)  in  connection  with  the  description  of 
each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reac- 
tions (Flammenreactionen,  Ann.  Ch.  Pharm.,  cxxxviii.,  257,  or  Phil.  Mag., 
IV.,  xxxii.,  81).  The  methods,  however,  require  for  the  most  part  much 
detailed  explanation,  and  in  this  place  it  is  only  possible  to  make  this  gen- 
eral reference  to  the  subject. 

Alumina.  B.B. ;  fhe  presence  of  ulumina  in  most  infusible  minerals, 
containing  a  considerable  amount,  may  be  detected  by  the  blue  color  which 
they  assume  when,  after  being  heated,  they  are  moistened  with  cobalt  solu- 
tion and  again  ignited.  Very  hard  minerals  («.^.,  corundum)  must  be  first 
finely  pulverized. 

Antimony.  B.B. ;  antimonial  minerals  on  charcoal  give  dense  white 
inodorous  fumes.  Antimony  sulphide  gives  in  a  strong  heat  in  the  closed 
tube  a  sublimate,  black  when  hot,  brown-red  when  cold.     See  aleo  p.  207. 

In  nitric  acid  compounds  containing  antimony  deposit  white  antimonic 
oxide  (SbaOB). 

Arsenic.  6.B. ;  arsenical  minerals  give  off  fumes,  usually  easily  recog- 
nized by  their  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
volatile,  crystalline  sublimate  of  arsenious  oxide.  In  the  closed  tube  arsenic 
sulphide  gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish- 
yellow  when  cold.  The  presence  of  arsenic  in  minei*als  is  often  proved  by 
testing  them  in  the  closed  tube  with  sodium  carbonate  and  potassium  cyan- 
ide. Strong  heating  produces  a  sublimate  of  metallic  arsenic,  proper  pre- 
cautions bemgobserved. 

Baryta.  B JB. ;  a  yellowish-green  coloration  of  the  fiame  is  given  by  all 
baryta  salts,  except  the  silicates. 

In  solution  the  presence  of  barium  is  proved  by  the  heavy  white  precipi- 
tate formed  iipon  the  addition  of  dilute  sulphuric  acid. 

Bismuth.  B.B. ;  on  charcoal  alone,  or  with  soda,  bismuth  gives  a  very 
characteristic  orange-yellow  sublimate  (p.  207^.  Also  when  treated  with 
equal  parts  of  potassium  iodide  and  sulphur,  ana  fused  on  charcoal,  a  beaati* 
f  nl  red  sublimate  of  bismuth  iodide  is  obtained. 

Boracic  add.  Borates.  B.B. ;  many  compound^  tinge  the  flame  intense 
ycUowisli-green,  especially  if  moistened  with  BU^huric  acid.    For  fiUicateB 
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the  best  method  is  to  mix  the  powdered  mmeral  with  one  part  powdered 
llnorite  and  two  parts  potassium  bisulphate.  The  mixture  is  moistened 
and  placed  on  platinum  wire.  At  the  moment  of  fusion  the  green  color 
appeal's,  but  lasts  but  a  moment  (ex.  tourmaline). 

Heated  in  a  dish  with  sulphuric  acid,  ana  alcohol  being  added  and 
ignited,  the  flames  of  the  latter  will  be  distinctly  tinged  gi'een. 

Cadmium.  B.B. ;  on  charcoal  cadmium  gives  a  diaracteristic  sublimate 
of  the  reddish-brown  oxide  (p.  207) 

Carbonates.  Effervesce  with  dilute  hydrochloric  acid ;  many  require  to 
be  pulverized,  and  some  need  the  addition  of  heat. 

uhlorides.  E.B. ;  if  a  small  portion  of  a  chloride  is  added  to  the  bead  of 
salt  of  phosphorus,  saturated  with  copper  oxide,  the  bead  is  instantly  sur« 
rounded  witn  an  intense  purplish  flame. 

In  solution  they  give  with  silver  nititite  a  white  curdy  precipitate,  which 
darkens  in  color  on  exposure  to  the  light ;  it  is  insoluble  in  nitric  acid,  but 
entirely  so  in  ammonia. 

Chromium.  B.B. ;  chromium  gives  with  borax  and  salt  of  phosphorus  an 
emerald-green  bead  (p.  208). 

Cobalt.  B.B. ;  a  beautiful  blue  bead  is  obtained  with  borax  in  both 
flames  from  minerals  containing  cobalt.  Where  sulphur  or  arsenic  is  present 
it  should  fli*st  be  roasted  off  on  charcoal. 

Copper.  B.B. ;  on  charcoal  the  metallic  copper  can  be  reduced  from 
most  of  its  compounds.  With  borax*  it  gives  a  green  bead  in  the  oxidizing 
flame^  and  in  the  reducing  an  opaque  red  bead  ^.  208). 

Most  metallic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces 
a  green  precipitate  in  the  solution,  which  is  dissolved  when  an  excess  is 
added,  the  solution  taking  an  intense  blue  color. 

Fluorine.  B.B. ;  heated  in  the  closed  tube  fluorides  give  off  fumes  of 
hydrofluoric  acid,  which  react  acid  with  test-paper  ana  etch  the  glass. 
Sometimes  potassium  bisulphate  must  be  added  (see  also  p.  207). 

Heated  gently  in  a  platinum  crucible  with  sulphuric  acid,  most  com- 
pounds give  off  hydronuoric  acid,  which  corrodes  a  glass  plate  placed 
over  it. 

Iron.  B.B. ;  with  borax  iron  gives  a  bead  (O.F.)  which  is  yellow  while 
hot,  but  is  colorless  on  cooling ;  ILF.,  becomes  bottle-green  (see  p.  208). 
On  charcoal  with  soda  gives  a  magnetic  powder.  Minerals  which  contain 
even  a  small  amount  of  iron  yield  a  magnetic  mass  when  heated  in  the 
reducing  flame. 

Lead.  B.B. ;  with  soda  on  charcoal  a  malleable  globule  of  metallic  lead 
18  obtained  from  lead  compounds ;  the  coating  has  a  yellow  color  near  the 
assay  and  farther  off  a  white  color  (carbonate) ;  on  being  touched  with  the 
reducing  flame  both  of  these  disappear,  tinging  the  flame  azure  blue. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sul- 
phate ;  when  delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution 
evaporated  to  dryness,  and  water  added,  the  lead  sulphate,  if  present,  will 
then  be  left  as  a  residue. 

Lims.  B.B. ;  it  imparts  a  yellowish-red  color  to  the  flame.  In  the  pres* 
ence  of  other  alkaline  earths  the  spectroscope  gives  a  sure  means  of  detecting 
even  when  in  small  quantities.  Many  lime  salts  give  an  alkaline  reaction 
with  test-paper  after  ignition. 
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lu  solutions  containing  lime  salts,  even  when  dilute,  ammonium  oxalate 
throws  down  a  white  precipitate  of  calcium  oxalate. 

Lithia,  B.B. ;  lithia  gives  an  intense  red  to  the  outer  flame;  in  ^ery  small 
quantities  it  is  evident  in  the  spectroscope. 

Magnesia.  B  B. ;  moistened,  after  heating,  with  cobalt  nitrate  and  again 
ignited,  a  pink  color  is  obtained  from  infusible  minerals. 

Manganese.  B.B. ;  with  borax  manganese  gives  a  bead  violet-red  (O.F.), 
and  colorless  (E.F.).  With  soda  (O.F.)  it  gives  a  bluish-green  bead ;  this 
reaction  is  very  delicate  and  may  be  relied  uix>n,  even  in  presence  of  almost 
any  other  metal. 

Mercury,  B.B. ;  in  the  closed  tube  a  sublimate  of  metallic  mercury  ia 
yielded  wlien  the  mineral  is  heated  with  soda.  Mercn*ic  sulphide  gives  a 
black  lustreless  sublimate  in  the  tube,  red  when  rubbed  (p  207). 

Molybdenum.  B.B. ;  on  charcoal  molybdenum  gives  a  copper-red  Btain 
(O.F.)  which  becomes  azure-blue  when  for  a  moment  touched  with  the  RF. 
(p.  208). 

NioJcel.  B.B. ;  with  borax  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet 
when  hot  and  red-brown  on  cooling ;  (RF.)  the  glass  becomes  gray  and 
turbid  from  the  separation  of  metallic  nickel,  and  on  long  blowing  colorless. 

Nitrates.  Detonate  when  heated  on  charcoal.  Heated  in  a  tube  with 
sulphuric  acid  give  off  red  fumes  of  nitric  peroxide. 

Phosphates.  B.B. ;  most  phosphates  impart  a  green  color  to  the  flame, 
especially  after  having  been  moistened  with  sulphuric  acid,  though  this  test 
may  be  rendered  unsatisfactory  by  the  presence  of  other  coloring  agents. 
If  they  are  used  in  the  closed  tube  with  a  fragment  of  metallic  magnesium  or 
sodium,  and  afterward  moistened  with  water,  phosphuretted  hydrogen  ia 
given  oflF,  recognizable  by  its  disagi'eeable  odor. 

A  few  drops  of  a  neutral  or  acid  solution,  containing  phosphoric  acid, 

f)roduces  in  a  solution  of  ammonium  molybdate  with  nitric  ac?a  a  pulveru- 
ent  yellow  precipitate. 

Potash.  B.B. ;  potash  imparts  a  violet  color  to  the  flame  when  alone. 
It  is  best  detected  in  small  quantities,  or  when  soda  or  lithia  is  pi*esent,  by 
the  aid  of  the  spectroscope. 

Selenium.  B.B. ;  on  charcoal  selenium  fuses  easily,  giving  off  brown 
fumes  with  a  peculiar  disagreeable  organic  odor  (see  also  p.  207). 

Silica.  B.B. ;  a  small  fragment  of  a  silicate  in  the  salt  of  phosphoma 
bead  leaves  a  skeleton  of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  flue  powder  is  fused  with  senium  carbonate  and  the  mass 
then  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is 
made  insoluble,  and  when  strong  hydrochloric  acid  is  added  and  then  water, 
the  bases  are  dissolved  and  the  silica  left  behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by 
strong  hydrochloric  acid,  the  silica  separating  as  a  powder  or  as  a  jelly 
(see  p.  203). 

SUver.  B.B. ;  on  charcoal  in  O.F.  silver  gives  a  brown  coating  {p.  207). 
A  globule  of  metallic  silver  may  generally  be  obtained  by  heating  on  char- 
coal in  O.F.,  especially  if  soda  is  added.  Under  some  circumstances  it  is 
desirable  to  have  recourse  to  cupellation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  ii 
thrown  down  when  hydrochloric  acid  is  added;    This  precipitate  is  insolabk 
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In  acid  or  water,  but  eutirely  so  in  ammonia;    It  changes  color  on  expoBore 
u>  the  light. 

Sotia.  B.B. ;  gives  a  strong  yellow  flame. 

Sulpkur^  8tUp/iide8j  sulphates.  B.B. ;  in  the  closed  tube  some  sulphides 

E'veon  sulphur,  others  sulphurous  oxide  which  reddens  a  strip  of  moistened 
;mus  paper.  In  small  quantities,  or  in  sulphates,  it  is  best  detected  by 
fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  has 
thus  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened ;  a  distinct 
black  stain  on  the  silver  is  thus  obtained  (the  precaution  mentioned  on 
p.  209  must  be  exercised). 

A  solution  in  hydrochloric  acid  gives  with  barium  chloride  a  white  in 
soluble  precipitate  of  barium  sulphate. 

TelluHum,  B.B. ;  tellurides  heated  in  the  open  tube  give  a  white  or 
grayish  sublimate,  fusible  to  colorless  drops  (p.  207).  On  charcoal  they 
give  a  white  coating  and  color  the  B.F.  green. 

Tin.  B.B ;  minerals  containin£^  tin,  \vhen  heated  on  charcoal  with  soda 
or  potassium  cyanide,  yield  metallic  tin  in  minute  globules  (see  also  p.  209). 

Titanium.  !B.B.  ;  titanium  gives  a  violet  color  to  the  salt  of  phosphorus 
bead.  Fused  with  sodium  cai*bonate  and  dissolved  with  hydrochloric  acid, 
and  heated  with  a  piece  of  metallic  tin  or  zinc,  the  liquid  takes  a  violet 
color,  especially  after  partial  evaporation. 

Tungsten.  B.B. ;  tungsten  oxide  gives  a  blue  color  to  the  salt  of  phos- 
phorus bead  (R.F.).  Fused  and  treated  as  titanic  acid  (see  above)  with  the 
addition  of  zinc  instead  of  tin,  gives  a  line  blue  color. 

Uranium.  ^.^. ;  salt  of  phosphorus  bead,  in  O.F.,  a  greenish-yellow 
bead  when  cool.     In  B.F.  a  fine  gi-een  on  cooling  (p.  209). 

Vano/dium,.  B.B. ;  tlie  characteristic  reactions  of  vanadium  with  the 
flaxes  aro  given  on  p.  208. 

Zino.  BJ3. ;  on  cnarcoal  compounds  of  zinc  give  a  coating  which  is  yel« 
low  while  hot  and  white  on  cooling,  and  moistened  by  the  cobalt  solution 
and  again  heated  becomes  a  fine  green  (p.  207). 

Zirconia.  A  dilute  hydrochloric  acid  solution,  containing  zirconia,  im- 
parts an  orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Students  who  desire  to  become  thoroughly  acquainted  with  the  use  of  the 
blowpipe  should  provide  themselves  with  a  thorough  and  systematic  book 
devoted  to  the  subject.  The  most  complete  American  book  is  that  by  Prof. 
Brush  (Manual  of  Determinative  Mineralogy,  with  an  introduction  on  blow- 
pipe analysis.  New  York,  1875).  Other  standard  works  are  those  of  Ber* 
zeiius  (The  use  of  the  Blowpipe  in  Chemistry  and  Mineralogy,  translated  into 
English  by  Prof.  J.  D.  Whitney,  1845),  and  Plattner  (]!i£inual  of  Qualita- 
tive and  Quantitative  Analysis  with  the  Blowpipe,  translated  by  Prof.  H. 
fi.  Cornwall,  1872).  The  work  of  Prof.  Brush  has  been  freely  used  in  the 
preparation  of  the  preceding  notes  upon  blowpipe  methods  and  reactions. 


Deterbokativb  Minesalogt. 

Determinative  Mineralogy  may  be  properly  considerod  under  the  general 
head  of  Chemical  Mineralogy,  since  the  determination  of  minerals  depends 
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mostly  upon  chemical  tests.    Bat  crjstallograpliic  and  all  physical  chaiacten 
have  also  to  be  used. 

There  is  but  one  satisfactory  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of 
a  complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral 
in  hand  is  referred  successively  from  a  general  gix>up  into  a  more  special 
one,  until  at  last  all  other  species  have  oeen  eliminated,  and  tlie  identit} 
of  the  one  given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how* 
ever,  always  be  made  before  final  recoui-se  is  had  to  tlie  tables.  This 
examination  will  often  sufiice  to  show  what  the  mineral  in  hand  is,  and  in 
any  case  it  should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practi- 
cal familiarity  with  the  appearance  and  character  of  minei*als  can  be  gained. 

The  student  will  naturally  take  note  first  of  those  chai-actera  which  are 
at  once  obvious  to  the  senses,  that  is :  the  coloPy  Itcstre,  feel,  general  strue 
tureyfractwey  deavage,  and  also  cryaiaUine  form,  if  distinct ;  also,  if  the 
specimen  is  not  too  small,  the  apparent  weight  will  suggest  something  as  to 
the  8pecific  gravity.  The  above  charactera  are  of  very  unequal  importance. 
Structure,  ii  crystals  are  not  present,  and  fracture  are  genei-ally  unessential 
except  in  distinguishing  varieties ;  color  and  lustre  are  essential  with 
metallic,  but  generally  very  unimportant  with  unmetallic  minerals.  Streak 
is  of  importance  only  with  colored  minerals  and  those  of  metallic  lustre 
(p.  162).  Crystalline  form  and  cleavage  are  of  the  highest  importance,  but 
usually  require  careful  study. 

The  first  trial  should  be  the  determination  of  the  Jiardneas  (for  which  end 
the  pocket-knife  is  often  suflicient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  epeoifio  gravity.  Treatment  of  the 
powdei-ed  mineral  with  acids  may  come  next ;  by  this  means  (see  p.  202) 
the  presence  of  carbonic  acid  is  detected,  and  also  other  results  obtained 
(p.  203).  Then  should  follow  blowpipe  trials,  to  ascertain  ihe  fiLsiMliML 
the  color  gvwQii  to  the  flame,  if  any,  the  character  of  the  avAlimate  given  on 
and  the  reactions  with  ihejlitxes  and  other  points  as  explained  in  the  pre- 
ceding  pages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  vari- 
ous elementary  substances  (pp.  210  to  213)  with  reagents,  and  before  the 
blowpipe.  If  the  results  of  such  a  preliminarv  examination  are  sufiicientlj 
definite  to  suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of 
species,  reference  may  be  made  to  their  full  description  in  Part  III.  of  this 
work  for  the  final  decision. 

A  number  of  minor  tables,  embracing  under  appropriate  heads  minerals 
which  have  some  striking  physical  characters,  are^added  in  the  Appendix. 
They  will  in  many  cases  aid  the  observer  in  reaching  a  conclusion.  In 
addition  to  these  tables,  an  extended  table  is  also  given  for  the  S}*stematio 
determination  of  the  more  important  minerals,  those  described  in  full  iu 
the  following  pages. 


P^BT    III.' 


DESCRIPTIVE  MINERALOGY. 


TriE  following  is  the  systom  of  classification  employed  in  the  arrangement 
of  the  species  in  this  work.  It  is  identical  witli  that  adopted  in  JDana's 
System  of  Mineralogy,  1868,  to  which  treatise  reference  may  be  made  for 
the  discussion  of  the  principles  npon  which  it  is  based.  In  general  only 
the  moro  prominent  species  are  enumerated  under  the  successive  heads. 
The  native  elements  are  grouped  as  follows : 
SERIES  I. — The  more  basic,  or  electro-positive  elements. 

!•  Gold  oboup. — Gold,  silver  (also   hydrogen,   potassium, 
sodium,  etc.). 

2.  Ibok  oboup. — Platinum,  palladium,  mercury,  copper,  iron, 

zinc,  lead  (also  cobalt,  nickel,  chromium,  manganese, 
calcium,  magnesium,  etc.). 

3.  Tin  group. — Tin  (also  titanium,  zirconium,  etc.). 
SERIES  II. — Elements  generally  electro-negative. 

1.  Absenio  oboup. — ^Arsenic,  antimony,  bismuth,  phosphoruSi 

vanadium,  etc. 

2.  SuLPHTJB  OBOUP. — Sulphur,  tellurium,  selenium. 

3.  Cabbon-silicon  oboup. — Carbon,  silicon. 
SERIES  in. — ^Elements  always  negative. 

1.  Chlorine,  bromine,  iodine. 

2.  Fluorine. 

3.  Oxygen. 


CLASSIFICATION  OF  MINERAL  SPECIES. 


L  NATIVE   ELEMENTS. 

GK>ldy  silver.— Platinum ;  palladium;  iridosmine,  IrOs,  etc.;  Jccsrcuiyj 
amalgam,  AgH^,  etc. ;  copper ;  iron. — ^Arsenic ;  antimony ;  bismuth*-— 
TeUorium;  sulimur. — ^Diamond;  graphite. 

*  See  farther  on  p.  420,  et  aeq. 
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n.  SULPHIDES,    TELLURIDES,    SELENIDES,    ARSEN- 
IDES, ANTIiMONlDES,  BISMUTmDES. 


1    I3INAEY  COMPOUNDS.— Sulphides  and  Tellurides  or  'hlstAu: 

Olt  THE   SULPHUK  AND  Ab8£NIG   GbOUFS. 

fa)  Bealpar  grov/p.  Composition  RS.     Monoclinic    Real^r. 

(A)  Orpi/ment  group.  Composition  RgSs.    Orthorhombic  Orplment; 

stibnite ;  bismathinite. 
ip)  Tetradymite  group.  Tetradymite  Bi8(Te,SV 
{a)  Molybaenite  group.  Composition  RS^    Molybdenite. 


t 


2.  BINARY  COMPOUNDS.— SuLPHiDBs,  Tellueides,  Era,  of  Mbtali 
OF  THE  Gold,  Ikon,  and  Tin  Geoufs. 

A.  BASIC  DIVISION.— Dyscrasite;  domeykite. 

B.  PROTO  DIVISION.— Composition  RS  (or  RgS),  RSe,  RTe. 

(a)  Oalenite  group.  Isometric;   holohedral. — ^Argentite;  galenite; 

claasthalite ;  boruite ;  alabandite. 
Ji\  Blende grou^.  Isometric;  tetrahedral. — Sphalerite. 
(J)  Ohaloodte  group.  Orthorhombic. — Chalcocite ;  acanthite ;  hcs- 

site;  stromeyerite. 
{d)  Pyrrhotite  grov/j).  Hexagonal. — Cinnabar ;    miUerite ;   pyrrbi^ 

tite  (Fe^Ss) ;  greenockite ;  niccolite. 


§ 


C.  DEUTO  OR  PYBITE  DIVISION.— Composition  RS,,  et3. 

(a)  Pyrite  group.  Isometric. — Pyrite;   linnseite;   smaltite;  cobal- 

tite ;  gersdorfBte. — Chalcopyrite. 
(S)  Mo/rcasite  group.    Orthorhombic. — Marcasite;    arsenopyrite ; 

sylvanite. 
(c)  Nagyagite.     {d)  Covellite. 

8.  TERNARY    COMPOUNDS.— Sulphaesenttes,    SuLrHANnMONrra§, 

SuLPnOBISMUTHTIKS. 

{a)  Group  I.    Atomic  ratio,   R  :  As(Sb)  :  S  =  1 :  2  :  4.    Formula 

R( As,Sb)2S4  =  RS + (As,Sb)aS8.    Miargyrite ;  sartorite ;  zdnk- 

enite. 
(?)  Sub    geoup.    At.  Ratio,  R  :  As(Sb)  :  S  =  3  :  4  :  9.      Formula 

Ra(As,Sb,Bi)4Sj,  =  3RS  +  2(As,Sb,Bi)^s.    Joi-danite  ;  schir- 

merite,  etc. 
(<?)  Gboup  II.    At.  Ratio,  R  :  (As,  Sb) :  S  =  2  :  2  :  6.     Formula 

R^Sb.As)2SB  =  2RS  -f-  ^b, As^Sg.     Jamesonite ;  duf renoysite. 
(rf)  Geoup  ill.  At  Ratio,  K  :  (As,Sb)  :  S  =  8  :  2  :  6.     Formula 

R8(A6,Sb)aS6  =  3RS  +  (A8,Sb)A-      Pyrai^yrite,    proustite ; 

boarnonite ;  boulangerite. 
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ie)  Gboot  IV.  At  Ratio,  R :  (Afl,Sb,Bi) :  S  =  4  :  2  :  7.    Formula 
E»(AB,Sb,Bi>,S7  =  4ES + (A8,Sb,K),S|.     Tetrahedrite ;  ten- 
nantite. 
(/)  Gboup  V.   At.  Ratio,    R  :  (AB,Sb) :  S  =  6  :  2  :  8.     Formula 
R^A8,Sb)5|Sg  =  5BS+(Afl,Sb)^a.    Stephanite;   geocronite 
P^lybasite. — Enargite. 


m.  CHLORIDES,  BROMIDES,  IODIDES. 

1.  ANHYDROUS   CHLORIDES.— CompoBition  mostly  R(01,  Br,  1) ; 
ilso  Rj(Cl,Br,l)  (calomel),  and  SOU  (molysite). 

Halite ;  sylvite ;  cerar^rite :  embolite ;  bromyrite. 

2.  HYDROUS  OHLORIDES.— Oarnallite.    Tachhydrite. 

3.  OXYCHLORIDES.— Atacamite ;  matlockite. 


IV.  FLUORIDES. 

1.  ANHYDROUS  FLUORIDES.    Fluorite ;  sellaite.— Cryolite. 
8.  HYDROUS  FLUORIDES.— Paclmolite ;  ralstonite. 


V.  OXYGEN  COMPOUNDS. 

L  OXIDES. 

1.  OXIDES  OF  Metals  of  thb  Gold,  Ibok,  and  Tm  Gboufs. 

A.  ANHYDROUS  OXIDES. — {a)  Protoxides. — ^Binary  compounds  of 

oxygen  with  a  univalent  or  bivalent  element    Formula  RO  or  (RaO). 
Cuprite;  zincite;  tenorite. 

(b)  Sesqihoxides. — ^Binary  compounds  of  oxygen  with  a  sexivalent  ele- 
ment. Formula  ROs.  Corundum;  hematite.  This  group  also  includes 
menaccanite  and  perofskite. 

(c)  Compounds  of  PBOTOxmES  and  Sbsquioxides. — Ternary  compounds 
of  oxvgen  with  a  bivalent  and  a  sexivalent  element.    Formula'RR04  =  RO 

Spinel  Otowd.  Isometric. — Spinel ;  gahnite ;  magnetite ;  f ranklinite ; 
chromite.     Ortnorhombic — Chrysoberyl. 

(cQ  Dbutoxides. — Binary  compounas  of  oxygen  with  a  quadrivalent  ele- 
ment.   Formula  RO^ 

Tetbagonal. — RutUe  Orov/p. — Cassiterite;  rutile;  octal  edrite;  hauB- 
mannite;  braunnite.     Orthorhombic. — ^Brookite;  pyroluaite. 

B.  HYDROUS  OXIDES.— Tui^tc—Diaspore ;  gothite;  manganite.— 
limonite. — Brucite ;  gibbsito. — Psilomelane. 
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2.  OXIDES  OF  Metals  of  thb  Absbnio  Ain>  Sulfhitb  Gboufs. 
Isometric. — ^Arsenolite;    senarmontite.      Orthorhombic.  —  Clandetite  ; 

yalentinite ;  bismite,  etc 

3.  OXIDES  OF  THE  Oabbon-biuooh  GEorp.-Qnartz ;  tridymite;  ap 
mamte;  opaL 

IL  TERNARY  OXYGEN  COMPOUNDS. 

1.  SILICATES. — A.  AiiHYDBOUS  Siucates. 

(a)  BisnJOATES. — Salts  of  meta-silicic  acid,  HsSiO,.  QuantivaleDt  ratio 
for  basic  elements  and  silicon,  1  :  2.  General  formula  RSiOs.  This  may 
be  written :  K  |  O2 1  SiO,  to  indicate  that  part  only  of  the  oxygen  is  regarded 
as  linking  oxygen,  or,  taking  into  account  the  quantivalence  of  the  various 
basic  elements  that  may  be  present,  Eg,  aB,  fiR  I  O^  |  SiO. 

(a)  Amjphibole  group.  Pyroxene  section  {I A  J=z  SG^^-SS**).  Orthorhom- 
bic,  —  Enstatite ;  hyperstliene.  Monocliuic.  —  WoUastonite ;  pyroxene ; 
acmite ;  eegirite.  Tridinic. — ^Rhodonite ;  babingtonite.  —  Spodnmene ; 
petalite. 

(i)  AmphiAole  section  (I  A I z=  123''-125'').  Orthorhombic— Antiiiophyl- 
lite,  kupfiferite.     MbnocUnic^  amphibole ;  arf vedsonite. 

Beryl.    Eudialjte.    PoUucite. 

(fil)  Unisilioates. — Salts  of  the  normal  silicic  acid,  B[4Si04.  Quantivalent 
ratio  for  basic  elements  and  silicon,  1  :  1.  General  formula  R9Si04.  This 
may  be  written  :  B2  |  O4  ]  Si.  to  show  that  all  the  oxygen  is  regarded  as 
linking  oxygen,  or,  EgjCtR,  pR  I  O4 1  Si.  The  latter  formula  shows  that, 
though  elements  of  different  quantivalence  may  be  present,  the  same  uni- 
silicate  tj'pe  still  exists.  The  excess  of  silica  sometimes  present  in  both 
bisilicates  and  unisilioates,  as  well  as  other  deviations  from  the  ordinary 
types,  are  remarked  upon  in  the  pages  which  follow. 

(a)  Chrysolite  group.  Orthorhom bic,  /A7=9r-95**;  6>Al-i  =  124^- 
129  • — Chrysolite,  forsterite,  tephroite,  raonticellite,  etc. 

(S)  Willemite  group.  Hexagonal,  R  A  R  =  116*'-117^ — ^WiUemite,  diop- 
tase,  phenacite. 

{&i  Isometric.    Helvite.    Danalite,  R3Si04+RS. 

(a)  Oametgrouj^.  Isometric— -Q.  ratio  f  or  R  :  R  :  Si  =  1 : 1 :  2.  Gen- 
eral formula  K^RSisGd. 

U)    Vesuvianite  group.  Tetragonal. — Zircon,  vesuvianite. 

(/)  Epidote  group.  Anisometric. — ^Epidote;  allanite;  zoisite;  gadoli- 
nite;  ilvaito. 

{a\  Triclinic.    Axinite.    Danburite. — (A)  lolite. 

\]c)  Mica  group.  lAlzn  120**.  Cleavage  basal  perfect;  optic  axis  01 
acute  bisectrix  normal  to  the  cleavage-plane. — ^Phlogopite ;  biotite ;  lepido 
3uelane;  muscovite;  lepidolite. 

(7)  Scapolite  group.  Tetragonal. — Sarcolite;  meionito;  wemerite; 
ekeoer^to. 

(m)  HexagonaL  Nephelite.  Isometric. — Sodalite  ;  haUynite  ;  noeito; 
leucite. 
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FdcUpar  group.  Monoclinic  or  triclinic  /A  /near  120®  ;  Q.  ralio  fof 
E :  ft  =  1 :  3.  Anorthite ;  labradorite ;  andesite ;  hyalophane  j  oligo- 
elase ;  albite ;  orthoclase  (microcline). 

(7)  SuBsiuoATES. — {a)  Q.  ratio  for  bases  to  silicon,  4  :  8.  Chondrodite 
Tonnnaline. 

(J)  Q.  ratio  for  bases  to  silicon,  3  :  2.  Genlenite. — Andalusite ;  fibrolite ; 
eyanite  (AlSiOe). — ^Topaz;  eaclase;  datolite. — Guarinite;  titanite;  keil- 
hanite;  tscheffkinite. 

(c)  Q.  ratio  for  bases  to  silicon,  2  : 1.    Stanrolite. 

B.  Hydrous  Bilioates — General  Section, 

BisiuoATES. — ^Pectolite ;  laainontite ;  okenite. — ChrysocoUa ;  alipite,  etc. 
TInbiucates. — Calamine;  prehnite, — Thorite,    Pyrosmalite. — ^Apophyl- 
lite. 
SuBsiucATES. — Allopliane. 

Zeolite  Section. 

Thomsonite  ;  natrolite  ;  scolecite  ;  mesolite. — ^Levynite. — Analcite.— 
Chabazite ;  gmelinite ;  herschelite. — ^Phillipsite. — ^Harmotome. — Stilbite ; 
heulandite. 

Margarophylute  Section. 

BisnjcATES. — Talc.    Pyrophyllite. — Sepiolite ;  glaaconite. 

Unisilicates. — Serpentine  group.  Serpentine  ;  deweylite ;  genthite. 

Kaolmite  group.  Kaolinite ;  pholerite ;  halloysite. 

Finite  group.  Tinite,  etc. ;  palagonite. 

Hydro-mica  group.  Fahlanite;  margarodite ;  damourite;  paragonite; 
oookeite. — ^Hisingerite. 

Chlorite  group.  Vermiculites,  Q.  ratio  of  bases  to  silicon,  1  : 1.  Pjrro- 
sclerite ;  jefferisite,  etc. — ^Penninite. — ^Bipidolite ;  prochlorite. — Chloritoid ; 
niargarite.    Seybertite, 


2.  TANTALATES,  C0LXJMBATE8. 

Pyroehlore. — ^Tantalite;  oolambite;  yttrotantalite ;    samarskite;  eoxe^ 
Dite ;  sBschynite,  etc. 


3.  PHOSPHATES,  ARSENATES,  VANADATES. 

i^NHTDRons. — ^Xenotime  Y^jd^ ;  pucherite. — ^Descloizite. 
Hexagonal.— YoTmv\9^  3E8(P,As,V),Og+K(01,F)a.     Apatite;   pyromo^ 
phite;  mimetite;  vanadinite. 
Wagnerite;  monazite. — ^Triphylite;  triplite. — ^Amblygcnite  (hebronitey 
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Htdbous. — ^Pharmacolite;  bruBhite. — ^Vivianite  :  csrythrite. — Libethinilo; 
olivenite. — ^Liroconite  ;  pseudomalachite. — OlinocWte. — ^Lazalite ;  scoro- 
dite  ;  wavellite ;  pharmacosiderite. — Childrenite. — Tui-quoia ;  cacoxenito. 
— Torbeniite ;  autunite. 

Hydrous  anti^nonate. — Bindheimite. 


4.  BORATES. 

Sassolitc  ;   sussezite  ;   Indwigite. — Boracite  ;   ulexite  ;   priceite. — ^War 
wickite. 


5,  TTJNGSTATES,   general   formula   RWO*;    MOLYBDATES,  EM0O4; 

OHROMATES,  ROiOa. 

Wolframite ;  scheelite ;  stolzite. — ^Wulf enito. — Orocoite ;  phoanicochroite. 


6.  SULPHATES, 

Anhydbous. — Geneml  formula  RSO4.  Orthorhorabic  /A  /  =  100M05^ 
— ^Barite ;  celestite ;  anhydrite ;  anglesite ;  zinkosite  ;  leadhillite. 

Caledouite. — Dreelite ;  susannite ;  connellite. — Glauberite ;  lanarkite. 

Hydrous  sulphates. — Mirabilite. — Gypsum,  — ^Polyhalite. — Epsomite. 

Copperas  growp,  Chalcanthite,  CuS04+5aq,  also  the  other  vitriolfl, 
RSO^+Taq. 

Gopiapite. — ^Alurainite. — ^Linarite ;  brochantite,  etc, 

Tbllubatbs. — Montanite,  BiaTeOe+2aq. 


7.  CARBONATES. 

Anhydbous. — Oalcite  group.  RhombohedraL  Geneml  formula,  RCOti 
— Calcite ;  dolomite ;  maguesite ;  siderite ;  rhodochrosite ;  smithsonite. 

Arc^gonite  group.  Orthorhombic. — ^Aragonito ;  witherite ;  sti-ontianite ; 
oeruBsite ;  baryto-calcite. — Phosgenite. 

Hydeous  carbonates. — Gaylussite, — ^Hydromagnesite. — Hy drozindto ; 
malachite ;    azurite. — ^Bismutite,  etc. 

VL  HYDROCARBON  COMPOUNDS. 


L  NATIVE  ELEMENTS. 


IsC'ineLric.  The  octahedron  and  dodecahedron  the  most  commcn  fornix 
CtTBtals  aoinetimes  acicnlar  through  elongation  of  octa-  415 

Iiedral  or  other  forma ;  also  passing  into  filiform,  reti- 
culated, and  arborescent  shapes ;  and  occasionally 
Bpongiform  from  an  ^wregation  of  fitamente  ;  ^dges  of 
cryetals  often  salient  (i.  415).  Cleavage  none.  Twins : 
twin  I  ling- plane  octahedral.  Also  massive  and  in  thin 
Uminffi.  Often  in  flattened  grains  or  scales,  and  rolled 
masses  in  ssiid  or  gravel. 

H.=2-o-3.     G.=15-C-19-5  ;  19-30-19-34,  when  qnite 
pare,  G.   Koee.     Lustre    metallic.     Color    and  streak 
varions  shades  of  gold-yellow,  sometimes  inclining  to  eilver-white.     Very 
ductile  and  malleable. 

Oompodtlon,  Tarletla*. — Gold,  bnt  coatainlog  sHrer  in  ditfereot  proportioua,  and  some- 
timcBftlMtraoeBof  ooppei.iron,  bUmath(m([I[J(7RiC«),  palladiairi,  rhodinm.  Tai.  1.  Ordinary/. 
Coatalning  O'lli  to  16  p.  a  of  ailver  Color  varybig.  Moordiagl;,  from  deep  Kold-yellow  to 
tttle  jeltow;  O.  =19-15*5.  2.  ATgeaUfertnu ;  KUctrma.  Color  pale  ^ellov  to  jellowish 
white;  Q.  =  155-vl2-5.  Eatdo  (or  Uie  gold  wid  »il*at  oT  1  ;  1  oorreapondato33'3p.  o.  of  mlver, 
3:1,  to  21 -Op.  c. 

The  average  proportion  of  gold  In  the  native  gold  of  California,  aa  derived  from  asMys  of 
neveral  hondred  millions  of  dollars'  worth,  is  SkO  thoosandths ;  vhile  the  range  ie  moBtl; 
between  670  and  600  (Prof.  J.  C.  Booth,  of  U.  S.  Hint).  The  range  in  the  metal  of  Amitralia 
ta  moatl;  between  900  and  960.  with  an  average  of  925.  The  gold  of  the  Ghaudi^re,  Canada, 
contains  usnally  10  to  15  p  o.  o(  silver ;  while  that  of  Nova  Sooba  is  very  nearly  pore.  The 
ChQian  gold  afforded  Domeyko  84  to  96  per  oent.  of  gold  and  15  to  3  per  ocnt.  of  silver. 
[Ann.  d.  Mines,  IV.  vi  ] 

PyxognoitlQ  and  other  Ohemloal  Ohoractars.— B.B.fases«aai]7.  Not  acted  on  by  flaxes. 
[mnlnble  in  any  single  acid  ;  soluble  in  nitro-hydrochlorio  aoid  (aqoa-regia). 

Did — Besdilj  recognized  by  its  malleabiii^  and  speoiflo  gravity.  DiBtingiiiBhed  liy  it* 
ina^nbilitf  i"  nittic  acid  from  pyrite  and  ohalcopyrite. 

Obaorratlana. — Native  gold  is  fonnd,  when  in  filii,  with  oomparatively  small  exceptions, 
in  the  qoarli  reins  that  Intersect  metamorphio  rocks,  and  to  some  extent  in  the  wall  rook  of 
theae  veins.  The  metamorphio  rocks  thus  intersected  are  mostly  ohloritic,  tolooee,  and 
srgillaoeons  schist  of  dull  green,  dark  gray,  and  other  colors ;  also,  much  less  commonly, 
mioi  And  homblendio  schist,  gneiss,  dioryle,  porphyry ;  and  still  more  rarely,  granite.  A 
l«tnin»tnil  qnartryte,  colled  Itocolnmyte,  is  oommon  in  many  gold  regions,  as  ihota  at  Braol 
and  North  Carolina,  and  sometimes  KpeciQar  schists,  or  slatj  rocks  containing  mnch  foliated 
^Ntcnlar  iron  (hematite),  or  magnetite  in  groins. 

The  gold  cocnrs  in  the  qnartz  in  strings,  scales,  plates,  and  in  massos  which  ore  sometime* 
sn  agglomeration  of  crystalB  '  and  the  scales  ore  often  invisible  to  the  naked  eye,  maesiT* 
qoarti  that  apparently  contains  no  gold  freqnentty  yielding  a  considerable  percentage  to  the 
assayer.  It  is  olwayn  vety  irregnlarly  distribnt^,  and  never  in  continnons  pure  bonds  of 
metal,  like  many  metalllo  ores.  It  cocara  both  disseminated  throngh  the  mow  of  tbe  qnarts. 
and  in  iU  canties.  The  associated  minerals  ore  :  pyrite,  which  far  exceeds  in  quantity  all 
othns,  and  is  generally  tairiftrvu*  ;  next,  oLatcopyrite.  galenite,  sphalerite,  arsenopyrlte, 
eoeh  frequently  auriferous  ;  often  tetrndymite  ond  other  tellurium  ores,  native  bismuth,  sUb- 
Dite.  magnetite,  hematite;   sometimes  barite,  apatite,  flnorite,  siderite,  chiysocoUa. 

Tho  gold  of  tbe  world  has  been  mostly  gathered,  not  diieotly  fiom  tbo  quarts  reins,  bol 
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from  the  gravel  or  landB  of  rivers  or  Talleys  in  anriferoiu  regioiiB,  or  the  blopee  of  moontaini 
or  hills,  whose  rocks  contain  in  some  part,  and  generally  not  fttr  distant,  anriferons  yeins , 
such  mines  are  often  called  aUuvial  washitiffs  ;  in  California  pUtcer-diggingi,  Most  of  the  gold 
of  the  Urals,  Brazil,  Australia,  and  all  other  gold  regions,  has  oome  from  snc^  aUnvial  wash- 
ings. The  alluvial  gold  is  usually  in  flattened  scales  of  different  d^^ees  of  fineness,  the  siae 
depending  partly  on  the  original  condition  in  the  quartz  veins,  and  partly  on  the  distance  to 
which  it  has  been  transported.  Transportation  by  running  water  is  an  assorting  process ;  tho 
coarser  particles  or  laigest  pieces  requiring  rapid  currents  to  transport  them,  and  dropping 
ilrBt,  and  the  finer  being  carried  far  away — sometimes  scores  of  nules.  A  cavity  in  the  vxkj 
slopes  or  bottom  of  a  valley,  or  a  place  where  the  waters  may  have  eddied,  generally  proves 
in  such  a  region  to  be  a  pocket  full  of  gold. 

In  the  auriferous  sands,  crystals  of  zircon  are  very  common ;  also  garnet  and  (^anite  In 
grains ;  often  also  monazite,  diamonds,  topaz,  magnetite,  corundum,  iridosmlne,  pi^t*"?™. 
The  zircons  are  sometimes  mistaken  for  diamonds. 

Gold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of  crystal- 
line rooks,  especially  those  of  the  semi-crystalline  schists^  and  also  in  some  of  the  large 
islands  of  the  world  where  such  rocks  exist.  In  Europe,  it  is  most  abundant  in  Hungszy  and 
in  Transylvania ;  it  occurs  also  in  the  sands  of  the  Rhine,  the  Eeuss,  the  Aar,  the  Rhone,  and 
the  Danube ;  on  the  southern  slope  of  the  Pennine  Alps,  from  the  Simplon  and  Monte  Rosa 
to  the  valley  of  Aoeta ;  in  Piedmont ;  in  Spain,  formerly  worked  in  Asturias ;  in  many  of  the 
streams  of  Cornwall ;  near  Dolgelly  and  other  parts  of  North  Wales ;  in  Scotland ;  in  the 
county  of  Wicklow,  Ireland ;  in  Sweden,  at  Edelfors. 

In  Asia,  gold  occurs  along  the  eastern  flanks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Beresov  mines  near  Katharinenburg  (lat.  56°  W  N.) ;  also  obtained  at  Petro- 
pavlovRki  (60°  K.) ;  Niscbne  Tagilsk  (dO"*  N.) ;  Miosk,  near  Slatoust  and  Mt  IJmen  (5a''  N., 
where  the  largest  Ruiwian  nugget  was  found),  etc.  Asiatic  mines  occur  also  in  the  Cailaa 
Mountains,  in  Little  Thibet,  Ceylon,  and  Malacca,  China,  Corea,  Japan,  Formosa,  Sumatra, 
Java,  Borneo,  the  Philippines,  and  other  East  India  Islands. 

In  Africa,  gold  occurs  at  Kordof an,  between  Darfour  and  Abyssinia ;  also,  south  of  the 
Sahara  in  Western  Africa,  from  the  Senegal  to  Cape  Palmas ;  in  the  interior,  on  the  Somat, 
a  day's  journey  from  Cassen ;  along  the  coast  opposite  Madagascar,  between  82^  and  85°  S., 
supposed  by  some  to  have  been  the  OpfUr  of  the  time  of  Solomon. 

In  South  America,  gold  is  found  in  Brazil ;  in  New  Granada ;  Chili ;  in  Bolivia ;  sparinglji 
in  Peru.  Also  in  Central  America,  in  Honduras,  San  Salvador,  Guatemala,  Costa  Rica,  and 
near  Panama ;  most  abundant  in  Honduras. 

In  North  America,  there  are  numberless  mines  along  the  mountains  of  Western  America, 
and  others  along  the  eastern  range  of  the  Appalachians  from  Alabama  and  Georgia  to  Labra- 
dor, besides  some  indications  of  gold  in  portions  of  the  intermediate  Archean  region  aboat 
Lake  Superior.  They  occur  at  many  points  along  the  higher  regions  of  the  Rocky  Mountains, 
in  Mexico,  and  in  New  Mexico,  in  Arizona,  in  the  San  Francisco,  Wauba,  Yuma,  and  other 
districts ;  in  Colorado,  abundant,  but  the  gold  largely  in  auriferous  pyrite ;  in  Utah,  and 
Idaho,  and  Montana.  Also  along  ranges  between  the  summit  and  the  Sierra  Nevada,  in  the 
Humboldt  region  and  elsewhere.  Also  in  the  Sierra  Nevada,  moetiy  on  its  western  slope 
(the  mines  of  the  eastern  being  principally  silver  mines).  The  auriferous  belt  may  be  said  to 
beffin  in  the  Calif omian  peninsula.  Near  the  Tejon  pass  it  enters  California,  and  beyond  for 
180  miles  it  is  sparingly  auriferous,  the  slate  rocks  being  of  small  breadth ;  but  beyond  this, 
northward,  the  slates  increase  in  extent,  and  the  mines  in  number  and  productiveness,  asd 
they  continue  thus  for  200  miles  or  more.  Gold  occurs  also  in  the  Coast  ranges  in  manj 
localities,  but  mostly  in  too  small  quantities  to  be  profitably  worked.  The  regions  to  the 
north  in  Oregon  and  Washington  Territory,  and  the  British  Possessions  farther  north,  as  also 
our  possessions  in  Alaska,  are  at  many  points  auriferous,  and  productively  so,  though  to  a 
less  extent  than  Califomia. 

In  eastern  North  America,  the  mines  of  the  Southern  United  States  produced  before  the 
Califomia  discoveries,  in  1849,  about  a  million  of  dollars  a  year.  They  are  mostly  coafined 
to  the  States  of  Virginia,  North  and  South  Carolina,  and  Georgia,  or  along  a  line  from  the 
Rappahannock  to  the  Coosa  in  Alabama.  But  the  region  may  be  said  to  extend  north  to 
Canada ;  for  gold  has  been  found  at  Albion  and  Madrid  in  Maine ;  Canaan  and  Lisbon,  N.  H. ; 
Bridgewater,  Vermont ;  Dedham,  Mass.  Traces  occur  also  in  Franconia  township,  Host- 
gomeify  Co.,  Peimsylvania.  In  Canada,  gold  occurs  to  the  south  of  the  St.  Lawrence,  in  the 
■oil  on  tho  Chaudi^y  and  over  a  considerable  r^on  beyond.  In  Nova  Scotia,  mineB  are 
worked  near  Halifax  and  elsewhere. 

In  Australia,  which  \b  fully  equal  to  Califomia  in  productiveness,  and  maoh  superior  in  the 
purity  of  the  metal,  the  principal  gdd  mines  occur  along  the  streams  in  the  mountaine  of 
N.  S.  Wales  (S.  B.  Australia),  and  along  the  oontinuation  of  the  same  range  in  Viotorin 
(8.  AoftzaUa), 
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Isometric.  Cleavage  none.  Twins :  twinning-plane  octahedral.  Com- 
moDly  coarse  or  fiue  filiform,  reticulated,  arborescent ;  in  the  latter,  the 
branches  pass  off  either  (1^  at  right  angles,  and  are  crystals  (usually  octa- 
hedrons) elongated  in  the  direction  of  a  cubic  axis,  or  else  a  succession  of 
partly  overlapping  crystals :  or  (2)  at  angles  of  60®,  they  being  elongated  in 
the  direction  of  a  dodecahedral  axis.  Crystals  generally  obliquely  pix> 
longed  or  shortened,  and  thus  greatly  distorted.  Also  massive,  and  in 
plates  or  superficial  coatings. 

H.=2-5-3.  G.=10'l-ll'l,  when  pure  10*5.  Lustre  metallic.  Color 
and  streak  silver-white ;  subject  to  tarnish,  by  which  the  color  becomes 
grayish-blacik.    Ductile. 

Oompu,  Var« — Silver,  with  some  copper,  g^ld^  andsometiineeplatinam,  antimony,  bismnth, 

Dietouzy* 

Ordinary,  (a)  orystaUized ;  (fi)  filiform,  arboreBoent ;  (e)  masmye.  Auriferous.  Oontaina 
10  to  30  p.  o.  of  gold ;  oolor  wlute  to  pale  brasH-yeUow.  There  is  a  gradual  passage  to  aigen- 
tifezoos  gold.     Oupry'erauB,    Contains  sometimes  10  p.  o.  of  oopper. 

Pyr.,  etc. — B.B.  on  oharooal  fases  easUy  to  a  sUver- white  globnle,  which  in  O.F.  gives  a 
ftunt  dark-red  coating  of  the  oxide ;  oiystaUizes  on  cooling.  Soluble  in  nitzio  acid,  and 
deposited  again  by  a  plate  of  copper. 

Obs. — Native  silver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes,  in  veins  travers- 
bg  gneiss,  schist,  porphyry,  and  other  rocks.  Also  occurs  disseminated,  but  usually  invisibly, 
in  native  oopper,  galenite,  chalcocitey  etc 

The  mines  of  Eongsberg,  in  Norway,  have  afforded  magnificent  specimens  of  native  silver. 
The  principal  Saxon  localities  are  at  Freiberg,  Schneeberg,  and  Johanngeorgenstadt ;  the 
Bohemian,  at  Przibram,  and  JoachimsthaL  It  also  occurs  in  small  quantities  with  other  ores, 
at  Andreasbeig,  in  the  Hars  j  in  Suabia ;  Hui^azy ;  at  AUemont  in  Dauphiny ;  in  the 
Ural  near  Beiesof ;  in  the  Altai,  at  Zm6ofl  ;  and  in  some  of  the  GomlBh  mines. 

Mexico  and  Peru  have  been  the  most  productive  countries  in  sUver.  In  Mexico  it  has 
been  obtained  mostly  from  its  ores,  while  in  Peru  it  occurs  principally  native.  In  Durango, 
ftinaloa,  and  Sonera,  in  Northern  Mexico,  are  noted  mines  affording  native  sUver. 

In  the  United  States  it  is  disserainatod  through  much  of  the  oopper  of  Michigan,  occasion- 
ally in  spots  of  some  size,  and  sometimes  in  cubes,  skeleton  octahedrons,  etc ,  at  various 
mines.  In  Idaho,  at  the  ^*  Poor  Man^s  lode,"  laige  masses  of  native  silver  have  been  ob- 
tained. In  Nevada,  in  the  Gomstook  lode,  it  is  rare,  and  mostly  in  filaments :  at  the  Ophic 
mine  raze,  and  disseminated  or  filamentous ;  in  California,  sparingly,  in  SUver  Mountain  dis^ 
fciiot,  Alpine  Go* ;  in  the  Maria  yein,  in  Los  Angeles  Go. ;  in  the  township  of  Ascot,  Ganada. 


PLATINUM. 


Isometric.  Barely  in  cubes  or  octahedrous.  Usually  in  grains ;  ooea- 
lionally  in  irregular  lumps,  rarely  of  large  size.    Cleavage  none. 

H.=4-4-5.  G.=16-19;  17408,  small  grains,  17-608,  a  mass,  Breith. 
Lustre  metallic.  Color  and  streak  whitish  steel-gray ;  shining.  Opaque. 
Ductile.    Fracture  hackly.    Occasionally  magneti-polar. 

Oomp. — ^Platinum  combined  with  iron,  iridium,  osmium,  and  other  metals.  The  amount 
•f  iron  Taries  from  4-20  p.  o. 

Pyr.,  etc. — Infusible.  Not  aileoted  by  borax  or  salt  of  phosphorus,  except  in  the  state  ol 
ftne  dost,  when  reactions  for  iron  and  oopper  maj  be  obtained.  Soluble  on^  in  heated  nitvo 
h jdroohlozic  aoid. 
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IMA — Difitiiigaifiihed  by  its  malleability,  high  speoifio  gravity,  infcunbility,  and  entixe  inaol 
ability  in  the  onlinary  acids. 

Obs. — Platinum  was  fiist  found  in  pebbles  and  small  grains  in  the  alluyial  deposits  of  tht 
river  Pinto,  in  the  district  of  Ghoco,  near  Popayan,  in  ^outh  America,  where  it  received  itf 
name  platina,  from  pktta,  siher.  In  the  province  of  Antioquia,  in  Braadl,  it  has  been  found 
In  auriferous  regions  in  ^enite  (Boussingault). 

In  Russia,  it  occurs  at  Nischne  Tagilsk,  and  Gi>roblagodat,  in  the  Ural,  in  alluvial  materiaL 
Formerly  used  as  coins  by  the  Russians.  Russia  affords  annually  about  800  owt.  of  platinnm, 
which  is  nearly  ten  times  the  amount  from  Brazil,  Columbia,  St.  Domingo,  and  Borneo 
Platinum  is  also  found  on  Borneo ;  in  the  sands  of  the  Rhine ;  at  St.  Aray,  val  du  Drac , 
county  of  Wicklow,  Ireland ;  on  the  river  Jocky,  St.  Domingo ;  in  California,  but  not  abun- 
dant :  in  traces  witJi  gold  in  Rutherford  Co.,  North  Carolina ;  at  St.  Francois  Beance,  etc., 
Canada  ESast. 

PLATiNnuDiXTil — ^Platinum  and  iridium  in  different  pioportionflL    Urals  *,  Brasil. 

PAIiLADIUBS. 

Isometric.  In  Tninnte  octahedrons,  Haid.  Mostly  in  grains,  sometimes 
composed  of  diverging  fibi^es. 

H.=4'5-5.  G.=11'3-11'8,  WoUaston.  Lnstre  metallic.  Color  whitish 
steel-gray.     Opaque.     Ductile  and  malleable. 

Oomp. — ^Palladium,  alloyed  with  a  little  platinum  and  iridium,  but  not  yet  analyzed. 

Obs. — Palladium  occurs  with  platinum,  in  Brazil,  where  quite  large  masses  of  the  metal 
are  sometimes  met  with ;  also  reported  from  St.  Domiogo,  and  the  UraL 

Palladium  has  been  employed  for  balances ;  also  for  the  divided  scales  of  delicate  appaxatas, 
for  which  it  is  adapted,  because  of  its  not  blackening  from  sulphur  gases,  while  at  the  same 
time  it  is  nearly  as  white  as  silver. 

ZRIDOSBAINJU.    Osmiridiiim. 

Hexagonal.  Barely  in  hexagonal  prisms  with  replaced  basal  edges. 
Commonly  in  irregular  flattened  grains. 

n.=6-7.  G.=19-3-21-12.  Lustre  metallic.  Color  tin-white,  and  light 
steel-gray.     Opaque.    Malleable  with  diflSculty. 

Oomp.,  Var. — Iridium  and  osmium  in  different  proportions.  Two  varieties  depending  on 
these  proportions  have  been  named  as  species,  but  they  are  isomorphous,  as  are  the  metala 
(G.  Rose).     Some  rhodium,  platinum,  ruthenium,  and  other  metals  are  usually  presentu 

Var.  1.  NeuyanskUe.Redd,;  H.=7;  G.=18-8-19'5.  Inflatscales;  color  tin- white.  Ovei 
40  p.  o.  of  Iridium.    Probably  IrOs. 

2.  8iMer8kU6y  Haid.  In  flat  scales,  often  six-sided,  color  grayish-white,  steel-gray.  G.  -= 
20-21-2.  Not  over  30  p.  c  of  iridium.  One  Jdud  from  Nischne  Tagilsk  afforded  BerzeUus 
IrOs4=Iridinm  19*9,  osmium  801=100 ;  G.  =21*118.  Another  corresponded  to  the  formula 
IrOst. 

Pyr.,  etc.— At  a  high  temperature  the  sisserskite  gives  out  osmium,  but  undergoes  no 
further  change.  The  newjanskite  is  not  decomposed  and  does  not  give  an  osmium  odor  until 
fused  with  nitre. 

DiiSEii — Distinguished  from  platinum  by  its  superior  hardness. 

Obs. — OocuTB  with  platinum  in  the  province  of  Choco  in  South  America :  in  the  Ural  moun- 
tains ;  in  Australia.  It  is  rather  abundant  in  the  auriferous  beach-sands  of  northern  OsU- 
f omia,  occurring  in  smaU  bright  lead-colored  scales,  sometimes  six-sided.  Also  tnMset  in  tin 
gold-washings  on  the  rivers  du  Loup  and  des  Plantes,  Canada. 

BKBROURT.    Quicksilver.    Gedi^gen  Quecksilber,  Oerm. 

iBometric.    Occurs  in  small  fluid  globules  scattered  through  ita  ganguft 
G.s=13.668.    Lustre  metallic.    Color  tin- white.    Opaque. 
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Oomp. — ^Pare  merenxy  (Hg) ;  with  sometimei  a  little  alrer» 

Pyr^  eto. — ^B.B.,  entirely  volatile.     Dissolves  readilj  in  nitric  add. 

Obi. — ^Meicozj  in  the  metallic  state  is  a  rare  mineral ;  the  quicksilver  of  commerce  is  ob- 
tained  mostlj  from  cinnabar,  one  of  its  ores.  The  rooks  affording  the  metal  and  its  ores  are 
mostly  clay  shales  or  schists  of  different  geological  ages. 

Its  most  important  mines  are  those  of  Idria  in  Oamiola,  and  Almaden  in  Spain.     It  is 
foond  in  small  quantities  in  Carinthia,  Huugazy,  Pom,  and  other  countries ;  in  California 
especially  in  the  Pioneer  mine,  in  the  Napa  Valley. 


AMATiGAM. 

Isometric.  The  dodecahedron  a  common  form,  also  the  cnbe  and  octa 
liedron  in  combination  (see  f.  40,  41,  etc.,  p.  15).  Cleavage :  dodecahedral 
in  traces.    Also  massive. 

IL=3-3-5.  G.=:13.75-14.  Color  and  streak  silver-white.  Opaque. 
Fractnre  conchoidal,  uneven.  Brittle,  and  giving  a  grating  noise  wnen 
cut  with  a  knife. 

Oomp.— Both  Ag  Hg  (=Silver  85*1,  mercury,  64*9),  and  AgsHgt  (= Silver  26 '5,  and  mer- 
enry,  73-5),  are  here  included. 

Pyr.,  eto, — ^B.B.,  on  charcoal  the  mercury  volatilizes  and  a  globule  of  silver  is  left  In  the 
dosed  tube  the  mercuiy  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute  glo- 
bules.    Dissolves  in  nitric  acid. 

Oba. — From  the  Palatinate  at  Moschellan^berg.  Also  reported  from  Bosenau  in  Hungary, 
Sala  in  Sweden,  Allemont  in  Dauphin^,  Alinaden  in  Spain. 

ABQUEarTE.— Composition  Ag]sHg=silver  86*6,  mercury,  18*4=100.  Chili.  Kosea- 
BEsarrB,  AgisHg  (?)  Kongsbeig,  Norway. 


COPPER. 

Isometric.  Cleavage  none.  Twins:  twinning-plane  octahedral,  very 
common.  Often  fili&rm  and  arborescent;  the  latter  with  the  bra?iche8 
passing  off  usually  at  60^,  the  supplement  of  the  dodecaliedral  angle.  AJso 
massive. 

II. =2-5-3.  G. =8*838,  Whitney.  Lustre  metallic.  Color  copper-red. 
Streak  metallic  shining.    Ductile  and  malleable.    Fracture  hackly. 

Comp — ^Pure  copper,  but  often  containing  some  sUver,  bismuth,  eta 

Pyr.,  etc. — B.B.,  fuses  rcadHy ;  on  cooling,  becomes  covered  with  a  coating  of  block  oxiae. 
Dissolves  readUy  in  nitric  acid,  giving  off  red  nitrous  fumes,  and  producing  a  deep  azure-blue 
solution  upon  the  addition  of  ammonia. 

Obi. — Copper  occurs  in  beds  and  veins  accompanying  its  various  ores,  and  is  most  abundant 
in  the  vicinity  of  dikes  of  igneous  rooks.  It  is  sometimes  found  in  loose  masses  imbedded  in 
the  soil 

Found  at  Turinsk,  in  the  Urals,  in  fine  crystals.  Common  in  ComwalL  In  Brazil,  Chili, 
Bolivia,  and  Peru.    At  Walleroo,  Australia. 

This  metal  has  been  found  native  throughout  the  red  sandstone  (Triaasico-Jurassio)  regies 
of  the  eastern  United  States,  in  Massachusetts,  Connecticut,  and  more  abundantly  in  New 
Jersey,  where  it  has  been  met  with  sometimes  in  fine  crystalline  masses.  No  known  locality 
exceeds  in  the  abundance  of  native  copper  the  Lake  Superior  copper  region,  near  Keweenaw 
Point,  where  it  exists  in  veins  that  intersect  tbo  trap  and  sandstone,  and  where  masses  of 
immense  size  have  been  obtained.  It  is  associated  with  prehnite,  datohte,  analoite,  laumon- 
tite,  pectolite,  epidote,  chlorite,  woUastonite,  and  sometimes  coats  amygdules  of  caldte. 
etc.,  in  amygdaloid.  Native  copper  occurs  sparingly  in  California.  Also  on  the  Gila  dvea 
IB  AJdzona ;  in  large  drift  masses  in  Alaska. 

15 


226  DESCEIPnVE  ionebalooy. 

IRON.* 

Isometric.    Cleavage  octahedral. 

H.=4r*5.    G.=7*3-7*8.    Lustre  metallic.    Color  iron-gray.    Streak  shin 
iiig.    Fracture  hackly.    Malleable.     Acts  strongly  on  the  magnet. 

OUs, — The  oocarrence  of  masses  of  natare  iron  of  terrestzial  oxigin  has  been  seyexal  tiinfle 
rei>orted,  but  it  is  not  yet  placed  beyond  donbt.  The  presence  of  metaUic  iron  in  grains  in 
basaltic  rocks  has  been  preyed  by  several  observers.  It  has  also  been  noticed  in  other  related 
rocka  The  so-called  meteoric  iron  of  Ovifak,  Greenland,  found  imbedded  in  basalt,  ia  con- 
ndered  by  some  aiitfaors  to  be  terrestriaL 

Meteoric  iron  usually  contains  1  to  20  per  cent,  of  nickel,  besides  a  small  percentage  oi 
other  metals,  as  cobalt,  manganese,  tin,  copper,  chromium ;  also  phosphorus  common  as  a 
phoephuret  (schreibersite),  sulphur  in  sulphurets,  carbon  in  some  instances,  chlorine.  Among 
large  iron  meteorites,  the  Gibbs  meteorite,  in  the  Yale  GoUege  cabinet,  weighs  1,635  lbs. ;  it 
was  brought  from  Bed  River.  The  Tucson  meteorite,  now  in  the  Smithsonian  Institution, 
weighs  1,400  lbs. ;  it  was  originally  from  Sonora.  It  is  ring-shaped,  and  is  49  inches  in  its 
greatest  diameter.  StiU  more  remarkable  masses  exist  in  northern  Mexico  ;  also  in  South 
America ;  one  was  discovered  by  Don  Bubin  de  Cells  in  tho  district  of  Ghaco-Gualamba, 
whose  weight  was  estimated  at  32,000  lbs.  The  Siberian  meteorite,  discovered  by  Pallas, 
weighed  originally  1,600  lbs.  and  contained  imbedded  crystals  of  chzysoUte.  Smaller  masBes 
axe  quite  common. 

ZENG.-^Natlve  zinc  has  been  reported  to  occur  in  Australia;  and  more  recently  Mr.  W. 
D.  Marks  reports  its  discovery  in  Tennessee,  under  circumstances  not  altogether  free  from 
doubt 

Lead. — Native  lead  occurs  vexy  sparingly.  It  has  been  found  in  the  Urals,  in  Spain, 
Ireland,  etc.  Dr.  Genth  speaks  of  its  discovery  in  the  bed  rock  of  the  gold  plaoexa  at  Gamp 
Creek,  Montana. 

Tin  is  probably  only  an  artificial  product. 


ARSBNIO. 

Ehombohedral.  5  A  5  =  85°  41',  O  J\  B  =  122^  9',  i  =  1-3779,  Miller. 
Cleavage :  basal,  imperfect.  Often  gmnalar  massive ;  sometimes  reticu- 
lated, reniform,  and  stalactitic.     Structure  rarely  columnar. 

n.=3*5.  G.=5-93.  Lustre  nearly  metallic.  Color  and  streak  tin-white, 
tainisliing  soon  to  dark-gray.    Fracture  uneven  and  line  granular. 

Oomp. — ^Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  goldi,  or  bismuth. 

Py  r. — B.  B. ,  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  araenous  oxide, 
■nd  affords  the  odor  of  garlic ;  the  coating  treated  in  R.F.  volatilizes,  ringing  the  flame  blue. 

Obs. — Native  arsenic  commonly  occurs  in  veins  in  crystalline  rocks  and  the  older  schists, 
and  is  often  accompanied  by  ores  of  antimony,  red  silver  ore,  realgar,  sphalerite,  and  othei 
metaUic  minerals. 

The  silver  mines  of  Saxony  afford  this  metal  in  considerable  quantities ;  also  Bohemia,  the 
Harz,  Transylvania,  Hangary,  Norway,  Siberia ;  occurs  at  GhanarciUo,  and  elsewhere  in 
Chili;  and  at  the  mines  of  San  Augustin,  Mexico.  In  the  United  States  it  has  been 
obaorved  at  HaverhiU  and  Jackson,  N.  H.,  at  Greenwood,  Me. 

ANTIMOMT. 

Ehomboliedral.  RhR  =  Sr  35', Rose ;  OaR  =  128^  82' ;  ^  =  1-3068. 
a  A  2  =  89°  25'.  Cleavage :  basal,  liighly  perfect ;— i  distinct.  Generally 
massive^  lamellar ;  sometimes  botryoidal  or  reniform  with  a  granular  texture 

*  The  asterisk  in  this  and  similar  cases  indicates  that  the  species  is  mentioned  again  in 
the  Supplementary  Chapter,  pp.  420  to  440. 
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H.=»-8*5.  G.=6'646-6-72.  Lnatre  metallic  Color  and  gtreak  tin- 
white    Very  brittle. 

Comp, — ^Antixnonj,  containing  sometimes  sQver,  iron,  or  aisenia 

P3rr« — B.B.,  on  charcoal  fuses,  gives  a  white  coating  in  both  O.  and  B.F. ;  if  the  bloving 
be  intermitted,  the  globule  continues  to  glow,  giving  off  white  fumes,  until  it  is  finally  crusted 
ovur  with  prismatic  crystals  of  antimonous  oxide.  The  white  coating  tinges  the  B.F.  bluish- 
green.     Orystallizes  readily  from  fusion. 

Ooours  near  Sahl  in  Sweden  *  at  Andreasberg  in  the  Harz ;  at  Przibram ;  at  Allemont  in 
Dauphiny ;  in  Mexico ;  Chili ;  JBorneo ;  at  Soutti  Ham,  Canada ;  at  Warren,  N.  J.,  rare ;  at 
Prince  William  antimony  mine,  N.  Brunswick,  rare. 

ALLBUONTrrB. — Arsenical  antimony,  SbAst.  Color  tin-white  or  reddish-gray.  Occurs  at 
Allemont ;  in  Bohemia ;  the  Han. 


BZSMUTU.    Gediegen  Wiamntii,  Oemu 

Hexagonal.  RsR-Sr  40',  G.  Rose ;  OAlt=z  123^  36' ;  <J  =  1-3035. 
Cleavage :  basal,  perfect ;  2,  —2,  less  so.  Also  in  reticnlated  and  arbores- 
cent shapes ;  foliated  and  grannlar. 

IL=:2-2-5.  G.=9'727.  Lustre  metallic.  Streak  and  color  silver-white, 
with  a  i-eddish  hue  ;  subject  to  tarnish.  Opaque.  Fracture  not  observable. 
Sectile.     Brittle  when  cold,  but  when  heatea  somewhat  malleable. 

Oompu,  Var. — ^Pure  bismuth,  with  occasional  traces  of  arsenic,  sulphur,  tellurinm. 

Pyr.,  etc — B.B.,  on  charcoal  fuses  and  entirely  volatilizes,  giving  a  ooating  orange-yellow 
while  hot,  and  lemon-yellow  on  cooling.  Dissolves  in  nitric  add  ;  subsequent  dilution  causes 
a  white  precipitate.     Giystallizes  readily  from  fusion. 

Diff. — ^Distinguished  by  its  reddish  color,  and  high  spedflo  gravity,  from  the  other  bribtle 
metnls. 

Obs. — ^Bismuth  occurs  in  veins  in  gneiss  and  other  crystaUine  rocks  and  clay  slate,  accom- 
panying various  ores  of  silver,  cobalt,  lead,  and  zinc.  Abundant  at  the  silver  and  cobalt 
mines  of  Saxony  and  Bohemia ;  also  found  in  Norway,  and  at  Fi^lun  in  Sweden.  At  Wheal 
Spamon,  and  elsewhere  in  Cornwall,  and  at  Carrack  Fell  in  Cumberland  ;  at  the  AUas  mine, 
Devonshire ;  at  Meymac,  Oorr^ ;  at  San  Antonio,  Chili ;  Mt.  Blampa  (Sorata),  in  Bolivia ; 
m  Viotoruk 

At  Lane's  mine  in  Monroe,  and  near  Seymour,  Conn.,  in  quarts ;  ooours  also  at  Brewer*! 
mne,  Chesterfield  district,  South  Carolina ;  in  Ck>lorado. 


TBLLURIUIC* 

Hexagonal,  Ji A  11=86''  57',  G.  Rose ;  OAJi  =  123^  4',  6  =  1-3303. 
In  six-sided  prisms,  with  basal  edges  replaced.  Oleavage :  lateral  perfect, 
basal  imperfect.    Commonly  massive  and  grannlar. 

H.=2--2-5.  G,=6-l-6*3.  Lustre  metallic.  Color  and  streak  tin-white. 
Brittle. 

Oomp.— According  to  Klaproth,  TeUurium  92*55,  iron  7-20.  and  gold  0-25. 

Pyr.— In  the  open  tube  fuses,  giving  a  white  sublimate  of  teUurous  oxide,  which  B.B. 
fuses  to  oolorleas  transparent  drops.  On  charcoal  fuses,  volatilizes  almost  entirely,  tinges  the 
flame  green,  and  gives  a  white  ooating  of  tellurous  oxide. 

Obs. — Native  teHurium  occurs  in  Transylvania  (whence  the  name  SylvaniU) ;  also  at  the 
Red  Cloud  mine,  near  Gold  HiU,  Boulder  Co.,  Colorado. 
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HATI7B  SDI>PHDB. 


Orthorhombic.  TM  =  lOP  46',  (9Al-i  =  113°  6';  i:l'.&=  ^Ui  • 
1-23;1.     Oa  14  =  117°  41';  O  A 1  =  108'' 19'. 

Cleavage:    /,    and    1,  imperfect.      Twins. 

410  417  composition-face,  T,  sometimes  producing  enici 

A  form  crystals.     Also  massive,  Bometimee  con 

/\\  sistin<;  of  concentric  coats. 

/i/\]\  H.=l-5-3-5.     G.=2'072.  of  crystals   from 

^  T^--\  Spain.     Lustre   resinous.     Streak  Bulphur-yel- 

\\|i/  low,  sometimes   reddish  or  greenisli.     Trans- 

My  parent — siibtrauslucent.     Fracture  vonchoidal, 

*  more  or  less  perfect,     Soctile. 

Gomp. — Purs  mlphoi ;  but  often  ooDtaminated  with  d^  or  bitamen. 

Pyr.,  etc— Bunts  ftt  ft  low  tempentare  with  t.  blnish  fl&me,  with  the  stroa^  odoi  of  ml- 
phnroiu  oxida.  BeoomeB  Teainoiul;  eleotiifled  bj  Iiiotioii.  Insoluble  in  wator,  mnd  not 
acted  on  hj  the  aoids. 

Oba, — Snlphar  U  dlinorpboas,  the  cTTstali  being'  monocUnio  whan  formed  at  a  modentel; 
high  temperature  (136*  C,  aooarding  to  Frankenheim). 

The  gieat  lepoaitoriea  of  sulphur  ore  either  beds  of  gypanm  and  the  usooiate  Toolca,  or  the 
regions  of  actiro  and  eitinot  voloauoes.  In  the  valley  of  Note  and  Maiairo,  in  Sicily ;  at 
Conil,  near  Cadiz,  in  Spain  ;  Bex.  in  Switzerland  ;  Cracow,  in  Poland,  it  oooois  in  the  foimei 
■itnation  ;  also  Bologna,  Italy.  Sicily  and  tbe  neighboring  roloanio  i^ee ;  the  Sotfatua,  neaf 
Naples  ;  the  volcanoes  of  the  Paoiflo  ooean,  etc,  are  localities  of  the  latter  kind.  Abnndsnt 
in  the  Chilian  Andes. 

Sulphur  is  found  near  tbe  mlphnr  springs  of  New  Tock,  Ttrg^a,  etc, ,  ipaiiugly ;  in  many 
ooal  depoeita  and  elsewhere,  where  pyrite  is  undergoing  deoompositioti ;  at  the  hot  q)ring* 
and  geysers  of  the  Tellowstone  park  ;  in  California,  at  the  geyiteiB  of  Napa  valley,  Sonoma 
Co. ,'  in  Santa  Barbara  in  good  crystals ;  near  Clear  lake.  Lake  Co. ;  in  Nevada,  in  Hnmboldl 
Co.,  in  large  beds;  Nye  and  Esmeralda  Cos.,  eto. 

liie  sulphur  mines  of  Sicily,  the  crater  of  Yoloano,  the  Solf atara  near  Nsplea,  and  tlie  Iwdl 
sf  California,  afford  lar^e  qoantities  of  aulphnr  for  commaroe. 


DIAMONI3.0 

Isometric.     Often  tetrahedral  in  planes,  1,  %  and  Z-\.     Usnally  wit'j 


cnrved  faces,  as  in  f .  419  (3-f) ;  f.  420  is  a  distorted  fonn.     Cleavage: 
octahedral,  highly  perfect     Twins:  twinning-plane,  octahedral;  £.  418,  is 
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an  elliptic  twin  of  f.  419,  the  middle  portion  between  two  oppositcj  sets  of 
gixplanes  being  wanting.    Barely  massive. 

I1.-—IO.  G.=3.6295,  Thompson.  Lustre  brilliant  adamantine.  Color 
white  or  colorless :  occasionally  tinged  yellow,  red,  orange,  green,  blue, 
brown,  sometimes  black.  Transparent;  translucent  when  dark  cok»red. 
Fra(jtnre  conchoid  al.  Index  of  refraction  2'4.  Exhibits  vitreous  electricity 
when  rubbed. 

Oomp. — ^Pare  carbon,  iBometrio  in  crystallization. 

Var. — 1 .  Ordinary y  or  crystallized.  The  crystals  often  contain  nnmeroas  microscopic  oavi- 
Ues,  as  detected  by  BrewBter ;  and  around  these  oavitieA  the  diamond  shovirs  evidence,  by 
polarized  li^^ht.  of  compression,  as  if  from  pressure  in  vhe  included  gas  when  the  diamond 
was  crystallized.  The  coarse  varieties,  which  are  unfit,  in  consequence  of  imperfections,  f 01 
use  in  jewelry,  are  called  bort ;  they  are  sold  to  the  trade  for  cutting  purposes. 

2.  Massive.  lu  black  pebbles  or  masses,  caUed  earbonctdo,  occasionally  1 ,000  carats  in  weight. 
H  =10 ;  a.  =3 -012-3 -416.     Consists  of  pure  carbon,  excepting  0  27  to  207  p.  o.  (Brazil). 

8.  Anthradtie.  Like  anthracite,  but  hard  enough  to  scratch  even  the  diamond.  In  gliv 
boles  or  mamroillary  masses,  consisting  partly  of  concentric  layers ;  fragile  ;  G.=1'66;  com- 
position, Garbon  97,  hydrogen  0*5,  oxygen  15.  Cut  in  facets  and  polished,  it  refracts  and 
disperses  light,  with  the  white  lustre  peculiar  to  the  diamond.  Locality  unknown,  but  sup- 
pOkWd  to  come  from  Brazil. 

Pyr.,  etc. — Bums,  and  is  wholly  consumed  at  a  high  temperature,  producing  carbonic 
dioxide.    It  is  not  acted  on  by  acids  or  alkalies. 

I>i& — Distingniahed  by  its  extreme  haidness,  brilliancy  of  reflection,  and  adamantine  lustre. 

Obs. — The  diamond  often  occurs  in  regions  that  afford  a  laminated  granular  quartz  roci^ 
called  Uaeolumyte^  which  pertains  to  the  talcose  series,  and  which  in  thin  slabs  is  more  or 
lees  flexible.  This  rook  is  found  at  the  mines  of  Brazil  and  the  Urals ;  and  also  in  Georgia 
and  North  Carolina,  where  a  few  diamonds  have  been  found.  It  has  also  been  detected  in  a 
species  of  conglomerate,  composed  of  rounded  siliceous  pebbles,  quartz,  chalcedony,  etc., 
cemented  by  a  kind  of  ferruginous  clay.  Diamonds  are  usually,  however,  washed  out  from 
the  soiL  The  Ural  diamoncU  occur  in  the  detritus  along  the  Adolfskoi  rivulet,  where  worked 
for  gold,  and  also  at  other  places.  In  India  the  diamond  is  met  with  at  Purteal,  between 
Hyderabad  and  MasuUpatam,  where  the  famous  Kohinoor  was  found .  The  locality  on  Borneo 
is  at  Pontiana,  on  the  west  side  of  the  Ratoos  mountain.    Also  found  in  Australia. 

The  diamond  region  of  South  Africa,  discovered  in  1867,  is  the  most  productive  at  the 
present  time.  The  diamonds  occur  in  the  gravel  of  the  Yaal  river,  from  Potohefstrdm,  cap- 
ital of  the  Transvaal  Republic,  down  its  whole  course  to  its  junction  with  the  Orange  river, 
and  thence  along  th3  latter  stream  for  a  distance  of  60  miles.  In  addition  to  this  the  dia- 
monds are  found  also  in  the  Orange  River  Republic,  in  isolated  fields  or  Pans,  of  which  Du 
Toit's  Pan  is  the  most  famous.  The  number  of  diamonds  which  have  been  found  at  the  Cape 
is  very  lazge,  and  some  of  them  are  of  considerable  size.  It  has  been  estimated  that  the  value 
of  those  obtained  from  March,  1867,  to  November,  1875,  exceeded  sixty  millions  of  dollars. 
As  a  consequence  of  this  production  the  market  value  of  the  stones  has  been  much  dimin- 
ished. 

In  the  United  States  a  few  crystals  have  been  met  with  in  Rutherford  Co.,  N.  C. ,  and  Uall 
Co.,  (ia. ;  they  occur  also  at  Portis  mine,  Franklin  Co.,  N.  C.  (Qenth) ;  one  handsome  one, 
over  \  in.  in  diameter,  in  the  village  of  Manchester,  opposite  Richmond,  Va.  In  California, 
at  Cherokee  ravine,  in  Butte  Co.  ;  also  in  N.  San  Juan,  Nevada  Co.,  and  elsewhere  in  the 
gold  washings.     Reported  from  Idaho,  and  with  platinum  of  Oregon. 

The  largest  diamond  of  which  we  have  any  knowledge  is  mentioned  by  Tavemier  as  in 
possession  of  the  Great  Mogul  It  weighed  originally  900  carats,  or  2769  3  grains,  but  was 
reduced  by  cutting  to  861  grains.  It  has  the  form  and  size  of  half  a  hen*s  egg.  It  was  found 
in  1550,  in  the  mine  of  Colone.  The  Pitt  or  Regent  diamond  weighs  but  136 '25  carats,  or 
419^  grains ;  but  is  of  unblemished  transparency  and  color.  It  is  cut  in  the  form  of  a  bril- 
liant, and  its  value  is  estimated  at  £125,000.  The  Kohinoor  measured,  on  its  arrival  in  Eng- 
land, about  If  inches  in  its  greatest  diameter,  over  f  of  an  inch  in  thickness,  and  weighed 
186snr  carats,  and  was  cut  with  many  facets.  It  has  since  been  recnt,  and  reduced  to  a  dia- 
meter of  \-h  by  If  nearly,  and  thus  diminished  over  one-third  in  weight.  It  is  supposed  by 
Mr.  Tennant  to  have  been  originally  a  dodecahedron,  and  he  suggests  that  the  great  RnsfoaD 
diamond  and  another  large  slab  weighing  180  carats  were  actually  cut  from  the  original  dode- 
cahedron. Tavemier  gives  the  original  weight  at  787i  carats.  The  Rajah  of  Mattan  has  is 
his  posseshion  a  diamond  from  Borneo,  weighing  367  carats,  llie  mines  of  Brazil  were  not 
known  to  afford  diamonds  til\  the  commencement  of  the  eighteenth  oentuiy. 
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ORAPUiTU.    Plnmbaga 

Hexagonal.  In  flat  six-sided  tables.  The  basal  planes  (O)  are  often 
striated  parallel  to  the  alternate  edges.  Cleavage :  basal,  perfect,  Coiir 
monly  in  imbedded,  foliated,  or  granular  masses.  Karely  in  globular  con- 
cretions, radiated  in  structure. 

H.=l-2.  G.=2-09-2-229.  Lustre  metallic.  Streak  black  and  shining. 
Color  inm-black — dark  steel-gray.  Opaque.  Sectile ;  soils  paper.  Thiu 
laminae  flexible.    Feel  greasy. 

Var. — (a)  Foliated ;  (b)  oolnnmaT,  and  Bometimea  radiated ;  (0)  ncalj,  xnassiTe,  and  datj ; 
((2)  gnmnlar  maaaive ;  (0)  earthj,  amoxphoiu,  without  metaUic  lustre  except  in  the  streak ; 
(/)  in  radiated  oonoretiona. 

Oomp. — ^Pore  carbon,  with  often  a  Uttle  iron  aeaqniozide  mechaniooUy  mixed. 

Pyr.,  eto. — ^At  a  high  temperatnre  it  bums  without  flame  or  smoke,  leaving  usnaUj  some 
red  oxide  of  iron.  B.B.  infusible ;  fused  with  nitre  in  a  platinum  spoon,  deflagrates,  con- 
Terting  the  reagent  into  potassium  carbonate,  which  effervesces  with  adds.  Unaltered  bj 
adds. 

Dift— See  molybdenite,  p.  288. 

Obs. — Graphite  ooours  in  beds  and  imbedded  masses,  laminsd,  or  scales,  in  granite,  gneiss, 
mica  sdiists,  crystalline  limestone.  It  is  in  some  places  a  result  of  the  alteration  by  heat  01 
the  coal  of  the  coal  formation.  Sometimes  met  with  in  greenstone.  It  is  a  common  furnace 
product.  • 

Occurs  at  Borrowdale  in  Cumberland ;  in  Glenstrathfarxaf  in  Invemesshire ;  at  Arendal  in 
Norway;  in  the  Urals,  Siberia,  Finland;  in  various  parts  of  Austria;  Prussia;  France. 
Large  quantities  are  brought  from  the  East  Indies. 

In  the  United  States,  the  mines  of  Sturbridge,  Masai,  of  Ticonderoga  and  Fishkill,  N.  Y., 
of  Brandon,  Yt.,  and  of  Wake,  N.  0.,  are  worked;  and  that  of  Ashford,  Conn.,  formerly 
afforded  a  large  amount  of  graphite.    It  ooours  sparingly  at  many  other  localitiea. 

The  name  black  iead,  applied  to  this  species,  is  inappropriate,  as  it  contains  no  laad.  Tb< 
same  naphite,  of  Werner,  is  derived  from  7pct^,  to  torite. 

Koraenskiold  makes  the  graphite  of  Brsby  and  Stoigard  monoeUnit. 


D.  SULPHIDES,  TELLURIDES,  SELENIDES,  ARSEN- 
IDES, BISMUTHIDES. 

1.  BINARY  COMPOUNDS. — Sulphides  and  Tbllubideb  of  thb  Mbtau 

OF  THB   SULPHITB  AND  AbSENIO  GB0UP8. 


MonocHnic.     O  =  66°  5',  / A  /=  74°  26',  Marignac,  Scacchi,  (9  A 14  = 
138°  21';  c\}>\d  ==  0-6755  :  0-6943 : 1.   Habit  pria- 
matic.    Cleavage:  i-i,   0  rather  perfect;  I,  i-i  in 
traces.     Also  granular,  coarse  or  nne  ;  compact. 

H.=l*5-2.  G.=3*4r-3'6.  Lustre  resinous.  Color 
aurora-red  or  orange-jellow.  Streak  varying  from 
orange-i-ed  to  aurora-red.  Transparent — translu- 
cent   Fracture  conchoidal,  uneven. 

Oomp,— AsS^Solphar  29.9,  azsenio  70*1=100. 

Pyr,,  eto, — In  the  dosed  tabe  melts,  Tolatiliaes,  and  gives  a 
transparent  red  snblimate  ;  in  the  open  tube,  solphurons  fumes, 
ind  a  white  crystalline  snblimate  of  arsenons  oxide.    B.B.  on 

jliarooal  buns  with  a  blue  flame,  emitting  azsenical  and  solphurons  odors.     Soluble  in  oaustis 
sUnlies. 

ObBw^>oonra  with  ores  of  sUyer  and  lead,  in  Upper  Hungary ;  in  Tran^lvania ;  at  Joaohims- 
ihal ;  Schneeberg ;  Andreasberg ;  in  the  Binnenthal,  Switzerland,  in  dolomite  ;  at  Wieslooh 
ta  Baden ;  near  Jnlamerk  in  Koordistan ;  in  Yesuyian  layas,  in  minute  crystals. 


OBPIMBMT.* 

Orthorhombia  /a/=  100°  40',  i9Al-t  =  126°30',  Mohs.  h\l\Az=^ 
1-3511 :  1*2059  : 1.  Cleavage :  i-t  highly  perfect,  i-l  in  traces,  i-l  longi- 
tudinally striated.  Also^  massive,  fanated^or  columnar;  sometimes  reni- 
form. 

H.= 1-5-2.  G.=3-48,  Haidinger.  Lustre  pearly  upon  the  faces  of  per- 
fect cleavage ;  elsewhere  resinous.  Color  several  shades  of  lemon-yellow. 
Streak  yellow,  commonly  a  little  paler  than  the  color.  Subtransparent — 
Bubtranslncent.  Sub-sectile.  Thin  lamin»  obtained  by  cleavage  flexible 
bnt  not  elastic. 

Oomp.— AssSt=Sulphnr  89,  aisenic  61=100. 

Pyr.,  etc — In  the  closed  tube,  fuaesy  volatilizes,  and  gives  a  dark  yellow  sublimate:  othef 
itacUmui  the  same  as  under  realgar.    Dissolves  in  nitro-hydrochlorio  add  and  caustic  alkalies. 

ObSi— Orpiment  in  smaU  oiysUls  is  imbedded  in  day  at  Tajowa,  in  Upper  Hungary.  It  ia 
wnally  in  foliated  and  fibrous  masses,  and  in  this  form  is  found  at  Ejipnik,  at  Moldawa,  and 
at  Felsobanya ;  at  Hall  in  the  l^yrol  it  in  found  in  gypsum ;  at  St.  Qothard  in  dolomite ;  il 
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Uin  Solfatsn  near  Naples.  Kear  JnlameA  in  EoordiBtan.  Oocim  tlao  At  Aoobamhtllo,  Pom. 
SmaU  tmota  are  mst  with  in  EdenvUle.  Onmge  Co.,  N.  Y. 

The  name  oipiment  ia  a  ooTTDption  of  its  Latin  name  aiuiptginentum,  "feUmpomt," 
which  waa  given  in  alloBiim  to  tbe  color,  and  also  becanae  the  anhManoe  waa  auppowxl  to  eaa- 
tain  gold. 

DufORTHITB  of  Soacchi  nuj  be,  aocoiding  to  Eenngott,  a  Tariel?  of  orpiment. 


mUMlTfL    Antlmonittt.  Gtaj  Antiinony.  Antimony  GUnco^  Antimonglani,  Otrm. 

Orthorhombic.    /a/=  90°54',  £?Al-t  =  ISl'ie^Krenner;  c:l:d  = 
10259  :  1-0158  : 1.      0M=  124" 


'^ 


488  43'  J  O  A  1-f  =  134°  42i'. 

lAterai  ulaoes  deeply  striated 
longitiidinallj'.  Cleavage:  »-i highly 
perfect.  Often  coiiimiiar,  coarse  or 
iiiie  ;  also  granular  to  impalpable. 

H.=2.  G. =4-516,  Ilauy.  Lustrt 
metallic.  Color  and  streak  lead- 
gray,  inclining  to  Bteel-gray  :  sub- 
ject to  blackish  taniisL,  Boinetimes 
iridescent.  Fracture  email  snb-con- 
choidal.  Sectile.  Thin  laminae  a 
N/"  little  flexible. 

Oomp.— Sb,Bi=SnIphnr  88-2,  antimony  71  -8=100. 

Pyr.,  etc, — In  ths  open  tube  talphurooB  and  autlmonouB  fames,  the  latter  condenMng  ata 
white  sublimate  which  B.B.  is  nonvolatile.  On  charooal  fnsea,  apreadsoot,  giveH  aulphnrDDa 
and  antimononB  fnmot,  coata  the  coal  white  ;  this  ooating  tieat«d  in  ELF.  tinges  tbe  flame 
greenish- blue.     Foa.^l.     Vfhen  pore  perfectJy  aolnbte  in  hjdroohloric  acid. 

Diff. — DiatiuKuisbed  1:7  ita  perfect  cleavage ;  alao  by  it«  extreme  fnaibiUt;  and  other  blow- 
pipe chamcteis. 

Obs. — Occurs  with  spathic  iron  In  beds,  but  generttlly  in  veins.  Often  aaaociated  with 
blende,  barite,  and  quartz. 

Uet  with  in  veins  at  WolfaboiK.  in  the  Hon  -at  Bniunadorf,  near  Freiberg' ;  at  Prxibram ; 
in  Hungary;  at  Pereta,  in  Tuacany;  in  the  nrala ;  in  Dumfriesshire;  in  Cornwall.  AIm 
found  in  different  Hejdoaii  mines.     Alao  abandant  in  Borneo. 

In  the  United  States,  it  occuia  apaiingly  at  Caimel,  He.  ;  at  Comiah  and  Lyme,  N.  H. ; 
at  "  Boldier'a  Deligbt,"  Hd.  ;  in  the  Humboldt  mining  region  in  Nevada ;  also  in  tbe  luinea 
of  Aurora,  Esmeralda  Co.,  Nevada.  Also  found  in  New  Bmnawick,  20  m.  from  Fredeliot<ni, 
S.  W.  aide  of  St.  John  R. 

This  ore  affords  mach  of  the  antimony  of  commerce.  The  crude  antimony  of  tbe  shopa  ia 
obtained  by  simple  fusioo,  which  sepaistea  the  accompanying  rock.  From  this  product  moM 
of  the  pharmaceutical  preparationa  of  antimony  are  made,  and  the  pure  metal  extracted. 

LtvnfaBTONiTB  {Bareena). — Besemhiea  stibnite  in  physical  characters,  but  has  a  rtd 
■treak,  and  contains,  beaidea  aolphur  and  antimony,  14  p.  a  mercatj.  Hoitanoo,  Stafv  of 
Gaeiiero,  Haxloo.  Bee  p.  480. 

BISBinTHINTrZI.    Biamntb  Qlanoe.    Wlmmthglani,  Otrtn. 

Ortharhombic.  /A  7  =  91"  30',  Haidinger.  Clea\'age :  brachydiagonal 
perfect ;  macrodiagonal  less  eo ;  basal  )>erl'ect.  In  aciciilar  cryetals.  Also 
inaBpive,  with  a  foliated  or  £brouB  Btnictnre. 

II.=3.  G.=6-4^6-459 ;  7-2;  7-16,  Bolivia,  Forbes.  Lnstre  metRllii 
Streak  and  color  lead-gray,  inclining  to  tin-white,  wiUi  a  yellowi^  ca  ihdu 
cent  tarniBh.     Opaque. 
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OompL — ^BisS3= Sulphur  18*75,  biBmntli  81*25=100 ;  isomorplions  witli  stibnite. 

Pyr.,  eta — In  the  open  tabe  sulphuxona  fames,  and  a  white  snblhnate  which  B.B.  fiuei 
into  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  ohaxcoal  at  first  gives  sol- 
phuroos  fames,  then  fuses  with  spirting,  and  coats  the  coal  with  yellow  bismutii  oxide. 
Fas.  =1.  Dissolves  readily  in  hot  nitric  add,  and  a  white  precipitate  falls  on  dilating  with 
water. 

Oba. — ^Foond  at  Brandy  Gill,  Garrook  Fells,  in  Gamberland ;  near  Bedruth ;  at  Botsllack 
near  Land^s  End ;  at  Borland  Mine,  Gwennap ;  with  childrenite,  near  OalUngton  ;  in  Saxony; 
at  Riddarhyttan,  Sweden ;  near  Sorata,  Bolivia.  Occurs  in  Rowan  Co.,  N.  C,  at  the  Bam- 
hardt  vein ;  at  Haddam,  Ot. ;  Beaver  Co.,  Utah. 

GUANAJUATTTB  ;  FremdiU.  Fernanda,  1878 ;  Castillo^  1878 ;  Frenxd^  1874.— A  bismuth 
selenide,  BigScs ;  sometimes  with  part  of  the  selenium  replaced  by  sulphur,  that  is,  Bi9(Se,S)3, 
with  Se  :  S=3  :  2,  which  requires  Selenium  23*8,  sulphur  6 '5,  bismuth  69*7=100.  Isomor- 
phous  with  stibnite  and  bismuthinite  {Schrauf).  Guanajuato,  Mexioow  SiLAONlTB  from 
Ouanajaato  is  BiaSe  (Fernandez).  See  p.  428. 


TBTRADTBOTB.    Tellurwismuth,  Q^rm. 

Hexagonal.  OnR^  118^  38',  ^ A ^  =  81^  2' ;  (5  =  1-6865.  Orystala 
often  tabnlar.  Cleavage :  basal,  very  perfect.  Also  massive,  foliated,  or 
granalar. 

H.=l'5-2.  G.=7'2-7'9.  Lustre  metallic,  splendent.  Color  pale  steel* 
gray.    Not  very  sectile.     Laminse  flexible.    Soils  paper. 

Oomp.,  Var. — ConsiBts  of  bismuth  and  teilurium,  with  sometimes  sulphur  and  selenium. 
If  sulphar,  when  present,  replaces  part  of  the  tellurium,  the  analyses  for  the  most  part  afford 
the  general  formula  Bii(Te,  S)s.  Var.  1. — Fret  from  sulphur.  Bi,Tes=Tellurium  48*1, 
bismuth  51-9;  G.  =7-868,  from  Dahlonega,  Jackson;  7*642,  id.,  Balch.  2.  Sulphuraiu, 
Containing'  4  or  5  p.  c.  sulphur.    G.= 7*500,  crystals  from  Schubkau,  Wehrle. 

Pyr. — In  the  open  tube  a  whito  sublimate  of  teUuroua  oxide,  which  B.B.  fuses  to  colorless 
drops.  On  charcoal  fuses,  gives  white  fumes,  and  enturely  volatilizes ;  tinges  the  B.F.  bluish- 
^en ;  ooats  the  coal  at  first  white  (tellurous  oxide),  and  finally  orange-yellow  (bismuth 
oxide) ;  some  varieties  give  sulphurous  nnd  selenous  odors. 

Z>i£ — Distinguished  by  its  easy  fusibility ;  tendency  to  foliation,  and  high  specific  gravity. 

Oba. — Occurs  at  Schubkau,  near  Schemnitz;  at  Iletzbanya;  (hrawicza;  at  TeUemark  in 
Norway ;  at  Bastnaes  mine,  near  Riddarhyttan,  Sweden. 

In  the  United  States,  associated  with  g^ld  ores,  in  Virginia ;  in  North  Carolina,  Davidson 
Ca ,  etc.  Also  occurs  in  Georgia,  4  m.  R  of  Dahlonega,  and  elsewhere  ;  Highland,  Montana 
T. ;  Bed  Cloud  mine,  Colorado,  rare ;  Montgomery  odne,  Arizona. 

JosBZTB. — ^A  bismuth  teUuride,  in  which  half  the  tellurium  is  replaced  by  sulphur  and 
selenium ;  BradL 

Wbhrlitb — Oompoaition  probably  Bi(Te,  S).    G.  =8*44.    Deutsch  PiLMn,  Hongazy. 


MOLTBDBMITB.*  Molybdanglans,  Germ* 

In  short  or  tabular  hexagonal  prisms.  Cleavage :  eminent,  parallel  to 
base  of  hexagonal  prisms.  Commonly  foliated,  massive,  or  in  scales :  also 
line  granular. 

H.=l-1'5,  being  easily  impressed  by  the  nail.  Q-.=r4-44-4*8.  Lustre 
roelallia  Color  pure  lead-gray.  Streak  similar  to  color,  slightly  inclined 
to  green.  Opaque.  Laminn  very  flexible,  not  elastic.  Sectile,  and  almost 
nvuleable.     liluish-gi'ay  trace  on  paper. 
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Oomp..— Mo8a=:Siilphiir  41*0,  mdybdexLom  59*0=100. 

Pyr.,  etc. — In  the  open  tnbe  snlphnroiiB  fomea  B.B.  in  the  forceps  infosiUe,  impazti  a 
jrellowiah-green  color  to  the  flame ;  on  charcoal  tibe  polyerized  mineral  gives  in  O.F.  a  sfetong 
odor  of  snlphor,  and  coats  the  cool  with  crystals  of  molybdic  oxide,  which  appear  yellow 
while  hot,  and  white  on  cooling ;  near  the  assay  the  coating  is  copper-red,  and  if  the  white 
coating  be  touched  with  an  intermittent  B.F.,  it  assumes  a  beautiful  asure-blne  ooloEi 
Decomposed  by  nitric  add,  leaving  a  white  or  grayish  residue  (molybdic  oxide). 

Di£ — Distinguished  from  graphite  by  its  color  and  streak,  and  also  by  its  behayior  (yield* 
ing  sulphur,  etc.)  before  the  blowpipe. 

Obs. — Molybdenite  generally  occurs  imbedded  in,  or  disseminated  through,  granite,  gneisB: 
sircon-syenite,  granular  limestone,  and  other  crystalline  rooks.  Found  in  Sw^en :  Norway ; 
Russia.  Also  in  Saxony  ;  in  Bohemia  ;  Bathausbeig  in  Austria ;  near  Miask,  Urals ;  Chesay 
in  France ;  Peru  ;  Brazil ;  Calbeok  Fells,  and  elsewhere  in  Cumberland ;  several  of  the  ComiBb 
mines ;  in  Scotland  at  East  Tulloch,  etc. 

In  iiaine^  at  Blue  Hill  Bay  and  Gamdage  farm.  In  Conn.^  at  Haddam.  In  Vermcni^  at 
Newport.  In  N.  Hampshire^  at  Westmoreland ;  at  Iilandaflf ;  at  Franoonia.  In  Jfotf.,  at 
Shutesbuiy  ;  at  Brimfield.  In  N.  Tork^  near  Warwick.  In  Penn.^  in  Ghester,  on  Ghestex 
Greek ;  near  Goncord,  Gabarrus  Go.,  N.  G.  In  CaUfornia^  at  Bxoelsior  gold  mine,  in  Excel* 
nor  distzict.    In  Oaimda^  at  several  places. 


a.  BINAEY  OOMPOUinDS.— SuLPHiDBs,  Tklltotobs,  kto.,  of  Mktals 

OF  THE  Gold,  Ibon,  and  Tm  Groups. 

A.  BAStO  DIVISION. 
DTSORASrm.    Antimonial  Silver.    Antimon-SOber,  Oemu 

Orthorhornbic.  /A  7  =  119°  69' ;  O  A  1-i  130°  41' ;  (5 :  ?  :  rf  =  1-1633: 
1-7315  :  1 ;  O  a  1  =  126°  40' ;  (9  A  l-i  =  146^  6'.  Cleavage :  basal  distinct : 
l-i  also  distinct;  /  imperfect  Twins:  stellate  forms  and  hexagona] 
prisms.  Prismatic  planes  striated  vertically.  Also  massive,  granular;  par- 
ticles of  various  sizes,  weakly  coherent. 

H.=3-6-4.  G.=9-44-9-82.  Lustre  metallic.  Color  and  streak  silver- 
white,  inclining  to  tin-white;  sometimes  tarnished  yellow  or  blackisk 
Opaque.     Fracture  uneven. 

Ck>mp — ^Ag«Sb= Antimony  22,  silyer  78=100.  Also  AgeSb=Antimon7 16-06, diver 8484, 
and  other  proportions. 

Pyr.,  etc. — B.  B.  on  charooal  fuses  to  a  globule,  -coating  the  ooal  with  white  antimonoiu 
(ndde,  and  flnallj  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  aoid,  leaving  anti- 
monons  oxide. 

Obs. — Oocurs  near  Wolfach  in  Baden,  Wittichen  in  Suabia,  and  at  Andreasbexg  ;  also  at 
Allemont  in  Daupbin^,  Oasalla  in  Spain,  and  in  Bolivia,  S.  A. 


XX>MEYSITB.    Azsenikkupfer,  aerm, 

Beniform  and  botryoidal ;  also  massive  and  disseminated. 

IL=8-3'5.  G.=7-7-50,  Portage  Lake,  Genth.  Lustre  metallic  but  dnll 
on  exposure.  Color  tin-white  to  steel-grajr,  with  a  yellowish  to  f  inchbect 
brown,  and,  afterward,  an  iridescent  tarnish.     Fracture  uneven. 
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Oomp. — CasAfl=AT86nio  28-3,  copper  71*7=100. 

Pyr^  etc. — In  the  open  fcube  fuses  and  gives  a  white  OiETstalline  sablimate  of  araenous 
oxide.  B.B.  on  chaicoal  arsenioal  fumes  and  a  malleable  metallic  globule,  which,  on  treat- 
ment  with  soda,  gives  a  globule  of  pure  copper.  Not  dissolved  in  hydrochloric  add,  but 
soluble  in  nitric  acid. 

Oba. — From  the  mines  of  ChilL  In  N.  America,  found  on  the  Sheldon  location.  Portage 
Lake ;  and  at  Michipicoten  Island,  in  L.  Superior. 

Algopoiots.  — Composition,  CueAs=ArBenic  16  '6,  oopper  83*5.    Chili ;  also  Lake  Superior. 

WiUTNSYiTJL — Cn«Aa=:AiBeiiio  11*6,  copper  88*4=1(10.     Houghton,  Mioh.,  also  California, 


B.  PHOTO  DIVISION. 
(a)  OaleniU  Grcmp.    Isometric;  holohedraL 

ARaENTITB.    Silver  Glance.    Vitreous  Silver.    Silbeiglans,  Germ, 

Isometric.  Cleavage :  dodecahedral  in  traces.  Also  reticulated,  ai*bores- 
centy  and  filiform ;  also  amorphous. 

H.=2-2-6.  G.=7-196-7-365.  Lustre  metallic.  Streak  and  color  black- 
ish  lead-gray ;  streak  shining.  Opaque.  Fracture  small  sub-couchoidal, 
meven.    Malleable. 

Oomp.— AgsS=Sulphnr  13*9,  silver  87*1=100. 

Pyr.,  etc. — In  the  open  tube  gives  off  sulphurous  oxide.  B.B.  on  charcoal  fuses  with  into- 
mesoence  in  O.F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  silver. 

Di& — Distinguished  from  other  silver  ores  by  its  malleabili^. 

Oba.^ — ^Found  in  the  Erzgebiiige ;  in  Hungaiy ;  in  Norway,  near  Kongsberg ;  in  the  Altai; 
in  the  Urals  at  the  Blagodat  mine ;  in  ComwaU ;  in  Bolivia ;  Peru ;  Chili ;  Mexico,  etc. 
Occurs  in  Nevada,  at  the  Comstock  Icde,  and  elsewhere. 

Oldham riE  from  the  Busti  meteorite  is  essentially  CaS. 

Naumannttb. — A  silver  selenide,  containing  also  some  lead.  Color  iron-black*  From 
the  Harz. 

BucAHUTE. — ^A  ailver-oopper  selenide,  (Co,  Ag)sSe.  Color  diver- white  to  gray.  Sweden : 
GhUi. 

OROOSB8ITSL 

Massive,  compact ;  no  trace  of  crystallization. 

H.=2'5-3.    Q'.=6-90.    Lustre  metallic.    Color  lead-gray.     Brittle. 

Oomp.— (Cu.,Tl»Ag)  Se=Selemum  33*28,  oopper  45-76,  thalUun  17-25,  sUver  3-71aBlOC. 

Pyr.,  eto. — B.B.  fiues  very  easily  to  a  greenish-black  shining  enamel,  coloring  the  flamt 
strongly  green.     Insoluble  in  hydrochloric  acid ;  completely  soluble  in  nitric  acid. 

Obs. — From  the  mine  of  Skzikeram  in  Norway.  Formerly  regarded  as  selenide  of  copper 
or  benelittnite. 

OAIiilMlTil.    Galena.    Bleiglans,  Germ, 

Isometric ;  habit  cubic  (see  f .  38,  89,  etc.,  p.  15),  Cleavage,  cubic,  per- 
fect; octahedral  in  traces.  Twins:  twinning-plane,  the  octdiedral  plane. 
1  425  (f .  268,  p.  88) ;  the  same  kind  of  composition  repeated,  f .  420,  and 
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Battened  parallel  to  1.    Also  retiualated,  tabular ;  coarse  or  fine  granT>lar ; 
Eoreietimes  impalpable  ;  occaeionallj  Kbroua. 


H.=2'5-2-75.  G.=7'26-7*7.  Lnstre  metallic  Color  and  streak  pare 
lead-gray.  Surface  of  cryBtals  occasionally  tamUhed.  Fracture  flat  snb- 
obonchoidal,  or  even.     Frangible. 

Oomp.,  Var.— FbS = Snlphoi  13  4,  lead  86  -6= 100.  CoDtaiiu  rilrer,  and  ocmnoDally  oelen- 
inm,  zina,  csdminm.  antimooy,  copper,  as  anlphides ;  bogides,  alio,  BOmetimea  native  mtrer 
and  gold  ;  all  gnlenite  ia  more  or  lees  m^sntiferouB,  and  no  ozternal  ohaiacteiB  aecve  to  di*- 
tiiiguiah  the  relative  amount  of  Bilver  preaenl. 

Pyr. — In  t^e  open  tube  gives  salphnious  fames.  B.B.  on  charcoal  faiei,  emlto  mlpbnnnu 
fumes,  ooala  tbe  noal  yellow,  and  yields  a  globule  of  metallic  lead.     Soluble  in  nitric  ludd. 

DifEi — DiatingniBlied  in  all  bnt  the  Gnel;  granalar  varieties  bj  its  perfect  cubic  cleavage. 

Obs. — Occurs  in  beds  and  veins,  both  in  crystalline  and  UDOrTstolline  rocks.  Jt  ia  often 
asBodated  with  pyriH,  marcasite,  blende,  chalaopfrite.  araenopyrite.  etc.,  in  a  gangue  of 
qnartE,  calcite,  barite,  or  Siiorite,  etc.  ;  also  with  cemsaite,  angtenito.  and  other  aslta  of  lend, 
which  are  frequent  resolta  of  its  alteration,  II  ia  also  common  with  gold,  and  in  veins  ot 
silver  orea.  Some  prominent  localities  are  : — Freiberg  in  Baiony.  the  Han,  Przibrom  and 
JooohiniBthal.  St^ria ;  and  also  Bleiberg,  and  the  neighboring  localitiea  of  Caiiuthia,  Sola  in 
Sweden,  Leadhilla  and  the  killas  of  Cornwall,  in  veins ;  Derbyahire.  Cumberland,  and  die 
northern  districla  of  Eugland  ;  in  Iferfechinsk,  East  Siberia;  in  Algeria ;  near  Cape  of  Good 
Hope;   in  Australia;  Chili;  Bolivia,  etc 

Ertensive  deposita  of  thia  ore  in  the  United  States  exist  in  Hissonri.  Ulinois,  Iowa,  and 
Wisconsin.  Other  important  looaliCies  are : — in  Nea>  York,  Bossie,  St,  Lawrence  Co. : 
Wnrtsboro.  Sollivan  Co. ;  at  Anoram,  Colambia  Co.  ;  in  Ulster  Co.  In  Maine,  at  Lubeo.  In 
Sm)  HampAirt,  at  Eaton  and  other  places.  In  Vm-moRt,  at  Thetford.  In  Oonneelifit,  at 
Middletown.  In  MamatJtutetU,  at  Newbnryport,  at  Southampton,  etc.  In  Penntylimida.  at 
PbenizvUle  and  elsewhere.  In  ViTginia,  at  Austio's  mines  in  Wjthe  Co.,  Walton's  gold  mine 
In  Lonisa  Co.,  etc.  In  Teanmiiu.  at  Brown's  Creek,  and  at  HaysboTO,  near  Nashville.  In 
^Midiigan,  in  the  region  of  Chocolate  river,  and  Lake  Superior  copper  districts,  on  the 
N:  shore  of  L.  Superior,  in  Tieebtng  on  Thunder  Boy.  and  around  Blaok  Bay.  In  GaU- 
^  ,  fomia.  at  many  ot  the  gold  minea.  In  Neoada,  abundant  on  Wallcer'a  river,  and  at  Steam* 
^  boat  Springs,  Galena  distriot.  In  Araona,  in  the  Oastle  Dome,  BoKka,  and  otlMi  dUtrinai 
In  Ooiarade,  at  Fike'a  Peak,  eto. 

OI.ATTSTHAIJTB.    Belenbld,  G«rm. 

I      iBoroetric.     Occurs  commonly  in  fine  granular  masses ;  Bome  specimens 
foliated.     Cleavage  cubia 

n.=:2-5-3.  G.=7'(t-8'8.  Lnstre  metallic.  Color  lead-gray,  somewhat 
blitiBh.     Sti'eab  darker.     Opaque.     Fracture  granular  and  shining. 

Oomp.,  Tar^-n>3e:tSeleniDm  27-S,  lead  73-4=100.  Bosidas  the  inira  aelenide  <d  lead, 
diere  are  others,  often  amngad  as  dlsUnot  speolea,  which  oonttdn  oobalt,  ooppar,  or  menmr 
In  place  of  part  of  the  lead,  and  sometimea  a  little  stiver  or  iron. 
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Pyr. — ^Decrepitates  in  the  oloeed  tube.  In-the  open  tabe  gives  selenons  fumes  aud  a  red 
roblhnate.  B.  B.  on  charcoal  a  strong  selenons  odor ;  partially  fuses.  Goats  the  coal  near 
the  oflsay  at  first  gray,  with  a  veddish  border  (selenium),  and  later  yellow  (lead  oxide) ;  when 
pore  eutirely  volatile ;  with  soda  gives  a  globule  of  metallic  lead. 

OlMk — Much  resembles  a  granular  galenite;  but  the  faint  tinge  of  blue  and  the  B.B 
identum  fumes  serve  to  distinguish  it. 

Found  at  Clausthal,  Tilkerode,  Zorge,  Lehrbaoh,  etc.,  in  the  Harz ;  at  Reinsberg  in  Siax- 
ooy;  at  the  Rio  Tinto  mines,  Spain ;  Cacheuta  mine,  Mendosa,  S.  A. 

ZoRGiTE  and  Lbhbbachits  occur  with  dausthalite  in  the  Harz.  Zorgite  is  a  lead-copper 
nlenide.    Lehrbachite  is  a  lead-mercury  selenide. 

Berzelianitb. — GuaSe= Selenium  88*4,  copper  61*6=100.  Color  silver -white.  From 
Sweden,  also  the  Harz. 

ALTAiTE.— Composition  PbTe=Te]luTium  88*3,  lead  61*17.  Isometric.  Color  tin-white. 
From  Savodinski  in  the  Altai ;  Stanislaus  mine,  Cal. ;  Bed  Cloud  mine,  Colorado ;  Province 
of  (kxiuimbo,  ChilL 

TiEMANNiTB  (Seleuquecksilber,  Qem,),'-A,  mercury  selenide,  probably  ]^Se.  Kaasive. 
Foimd  in  the  Hioz ;  also  California, 


BORNITJJ.    Erubeadte.    Purple  Copper  Ore.    Buntknpfereiz,  OemL 

Isometric.  Cleavage :  octahedral  in  traces.  Massive,  structure  granular 
or  compact. 

IL=3.  G,=4-4-5*5.  Lustre  metallic.  Clolor  between  copper-red  and 
pinchbeck-brown;  speedily  tarnishes.  Streak  pale  grayish- black,  slightly 
shining.     Fracture  small  conchoidal,  uneven,     brittle. 

Comp. — For  crystallized  varieties  FeCuaSi,  or  sulphur  28*06,  iron  16*86,  copper  55 '58= 100. 
Other  varieties  are :  FeaCuiS^,  FeCuftSg,  and  so  on.  The  ratio  of  B  (Cu  or  Fe)  to  S  has  the 
values  5  :  4,  4  :  3,  3  :  2,  7  :  3  (Bammelsbeig).  Analysis,  Collier,  from  Bristol,  Ct.  Sulphur 
25*83,  copper  61*79,  iron  11*77,  sUver  tr.=»9*89  (B  :  S=8  ;  2). 

Pyr.,  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  suiphuc  In  the  open  tube  yields 
mlphurous  oxide,  but  gives  no  sublimate.  B.B.  on  charcoal  fuses  in  B.F.  to  a  brittle  mag- 
netic globule.  The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and  copper, 
i«Dd  with  soda  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

Dift — Distinguished  by  its  copper-red  color  on  the  fresh  fracture. 

Obs. — Found  in  the  mines  of  ComwaU ;  at  Boss  Island  in  Killamey,  Ireland ;  at  Mount 
Oatini,  Tuscany ;  in  the  Mansfeld  district,  Germany ;  and  in  Norway,  Siberia,  Silesia,  and 
Hungary.  It  is  the  principal  copper  ore  at  some  Chilian  mines;  also  common  in  Peru,  Boli- 
via, and  Mexico.  At  Bristol,  Conn.,  it  has  been  found  abundantly  in  good  crystals.  Found 
massive  at  Mahoopeny,  Penn.,  and  in  other  parts  of  the  same  State ;  also  at  Chesterfield, 
Mass. ;  also  in  New  Jersey.    A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

ALABANDrrs  (Manganglanz,  Qerm.\ — ^MnS=Sulphur  86*7,  manganese  63.3=100.  Isomet- 
ric   Cleavage  cubic.     Color  black.    Streak  green.     From  Traneylvania,  eta 

GbOnauits. — ^A  sulphide   containing   nickel,   bismuth,    iron,   cobalt,    copper.     From 


(i)  Blende  Orowp.    Isometric ;  tetiahedral. 

BPHAZiBRmi  or  ZINC  BLENDE.    Black-Jack,  Engl  MtMr$, 

Isometric :  tetrahedral.  Cleavage :  dodecahedral,  hiffhly  perfect.  Twins  i 
twinning-plane  1,  as  in  f .  429.  Also  botrjoidal,  and  ouier  imitative  shapes ; 
Bometimes  fibrons  and  radiated  ;  also  massive,  compact. 

H.=3-5-4.  0.=3-9-4-2.  4-063,  white,  New  Jersey.  Lustre  resinona 
to  adamanite.    Color  brown,  yellow,  black,  red,  green ;  white  or  yellow 
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when  pure.      Streak  white — ^reddish-brown.     Transparent— tranBkcent 

Fracture  conchoidal.  Brittle. 
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Oomp.,  Var. — ZdS= Sulphur  88,  zinc  67=100.  Bat  often  havhig  part  of  the  zinc  replaced 
by  iron,  and  sometimes  bj  cadmium :  also  containing  in  minnte  quantities,  thalUum,  indium, 
and  g^lium.  Yar.  1.  Ordinary.  Containing  little  or  no  iron  ;  colors  white  to  yellowish- 
brown,  sometimes  black ;  G.  =3 '9-4*1.  2.  S'err^ertnu  ;  MarmaUU,  Containing  10  p.  c.  oi 
more  of  iron;  dark-brown  to  black  ;  G.=8*0-4*».  The  proportion  of  iron  sulphide  to  zinc 
sulphide  varies  from  1  :  5  to  1  :  2.  8.  Cadmiferous ;  FrabramiU.  The  amount  of  cadmiam 
present  in  any  blende  thos  far  analyzed  is  less  than  5  per  cent.  Each  of  the  above  varietiet 
may  occur  {a)  in  crystals ;  ip)  firm,  fibrous,  or  columnar,  at  times  radiated  or  plumose ;  (e) 
oieavable,  massive,  or  foliated ;  {d)  granular,  or  compact  massive. 

P3nr*,  etc. — In  the  open  tube  sulphurous  fumes,  and  generally  changes  color.  B.B.  on 
charooal,  in  B.  F. ,  some  varieties  give  at  first  a  reddish-brown  coating  of  cadmium  oxide,  and 
later  a  coating  of  zinc  oxido,  which  is  yellow  while  hot  and  white  after  cooling.  With  cobalt 
solution  the  zinc  coating  gives  a  green  color  when  heated  in  O.F.  Most  varieties,  after 
roasting,  give  with  borax  a  reaction  for  iron.  With  soda  on  charcoal  in  B.F.  a  strong  green 
zinc  flame.     Difficultly  fusible. 

Dissolves  in  hydrochloric  add,  during  which  sulphuretted  hydrogen  is  disengaged.  Some 
•peoimens  phosphoresce  when  struck  with  a  steel  or  by  friction. 

Diff. — Generally  to  be  distinguished  by  its  perfect  cleavage,  giving  angles  of  60^  and  120^; 
by  its  resinous  lustre,  and  also  by  its  infusibility. 

Obs. — Ocouxs  in  both  crystalline  and  sedimentary  rocks,  and  is  usually  associated  with 
galenite ;  also  with  barite,  chalcopyrite,  fluorite,  siderite,  and  frequently  in  silver  mines. 

Derbyshire.  Cumberland,  and  Cornwall,  afford  different  varieties ;  also  Tran^lvania;  Hun- 
gary ;  the  Harz;  Sahla  in  Sweden;  Batieborzitz  in  Bohemia;  many  Saxon  localities. 
Splendid  crystals  in  dolomite  are  found  in  the  Binnenthal. 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  and  Illinois.  lb  N.  York,  Sulli- 
van Co.,  near  Wurtzboro^ ;  in  St.  Lawrence  Co.,  at  Cooper^s  falls,  at  Mineral  Point;  at  the 
Ancram  lead  mine  in  Columbia  Co.  ;  in  limestone  at  Lodcport  and  other  places.  In  Mau^ 
at  Sterling  •  at  the  Southampton  lead  mines ;  at  Hatfield.  In  If.  Bdmp.,  at  the  Eaton  lead 
mine  ;  at  Warren,  a  large  vein  of  black  blende.  In  Maine,  at  the  Lubeo  lead  mines,  etc 
In  C&nn.,  at  Eoxbury,  and  at  Lane^s  mine,  Monroe.  In  N.  Jer^ey^  a  uihiie  variety  at  Frank- 
lin. In  Penn.^  at  the  WheatJey  and  Perkiomen  lead  mines ;  near  Friedensville,  Lehigh  Co. 
In  Virginia,  at  Austin's  lead  mines,  Wythe  Co.  In  Michigan,  at  Prince  vein.  Lake  Superior. 
In  lUinais^  near  Bosiclare ;  near  Galena,  in  stalactites,  covered  with  pyrite,  and  galenite 
In  Wiacowtin^  at  Mineral  Point.    In  I'ennesaee,  at  Haysboro*,  near  Nashville. 

Named  blende  because,  while  often  resembling  g^ena,  it  yielded  no  lead,  the  word  in  Ger 
man  meaning  blind  or  deceiving.    Sphalerite  is  fiom  ir^a\c/><is,  treaeheroiu. 


(c)  Chalcocite  Orowp.    Orthorhoinbic 

HZ2SSITZI.*  Tellursilber,  Oerm, 

Orthorhonibic,  and  resembling  chalcocite.     Cleavage  indistinct.    Mai 
%ive  ;  compact  or  fine  grained  j  rarely  coarse-granular. 
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H.S9-3-6.  G.=8-3-8-6.  Lnstre  metallic.  Color  between  lead-grar 
ind  ateel-gray.     Sectdle.     Fracture  even. 

Oomp^-AeriTe^TeUnriam  872,  bUtst  63-8=100.     Silvei  lometiiiies  xeplaoed in  put  bj 

Pyr.— In  tha  open  tabe  a  foint  while  aablimata  at  tellnjoos  oxide,  wbioh  B.B.  fuiei  tu 
ool<«l«si  globnles.  On  cbarcool  toaes  to  a  blaok  globule ;  this  treated  in  R.F.  preaenta  or> 
Booling  white  dendritlD  points  of  silTer  on  ita  surface;  witb  aodagivea  a  glibule  of  ailver. 

Obs. — Occurs  in  the  Altai,  in  Siberia,  iaa  tolcoae  rock  ;  at  Ifagyag  iDTrauaylvania,  andat 
RetibaDTa  in  Hnng&r; ;  StanialauB  mine,  Calaveras  Co. ,  Cal. ;  B«d  Cloud  mine,  Colorado ; 
Prorinoe  of  Coqaimbo,  Chili. 

PKTxrrK.—DiBera  from  headte  in  that  gold  replnoes  maoh  of  the  silver.  U.-2-5.  Q.= 
S-T3-8W,  Fetzi  e-E>*4,  KUatel.  Color  between  steel-gray  and  iron-blaok,  sometimea  with 
psTimins  tamJBli.  Streak  iron-blaok.  Brittle.  AnalfslB  by  Geutb,  from  Qolden  Rule  mina, 
t«IlDriam  82-68.  silver  41-83,  gold  25-«0  =  100'14.  Occurs  at  Nagyag,  Stanislaus  mine, 
California,  and  several  localities  in  Colorado. 

TiPAUTTB  (TellurwismuthsilberV— Composition  (Raram.),  Ag,Bi,Te<S(Ag,S  -I-  8BiTe). 
Gnnolar.     Color  graj.     Sierra  de  Tapalpa,  Mexico. 

AOANTBmL 

Orthorhombic  7a7=110'54';  i9Al-t  =  124°  42',  Danber ;  i:l:d 
=  1-4442  :  1-4523  :  1.  OAl-i  =  135''  10';  Oa1  =  119°42'.  Twins: 
parallel  to  l-l.     Crystsla  n&uallj  slender-poiDted  priems.     Cleavage  iodis- 

H-=2-5  or  under.  G.=7'16-7'33.  Lnstre  metallic  Color  iron-black 
or  like  argentite.     Fracture  uuevon,  giving  a  ehining  siii'face.     Sectile. 

Oomp.— Ag,S,  or  lika  argentdte.     Sulphni  ISD,  aUvei  87-1=101). 

Pyr.— Same  as  for  argentite,  p.  235. 

Obs, — Found  at  JoaoUmsthal ;  also  near  Freiberg  in  Saxoof. 

ORAIiOOOrre.    Chalooaine.    Vitreons  Copper.    Copper  Glance.    Kupferglani,  0«rm> 

Orthorhombic.  /a  7=  119°  35',  (?A  1-i  =  120°  57';  c:t:a  =  1-6676  : 
1-7176:1;  (? A 1  =  117" 24' ;  CAM  =  135°  52'.  Cleavage:  i]  indistinct 
Twins :  twiuning-plane,  /,  pi-oducing  hexagonn,  or  stellate  forms  (left  half 


Bristol,  Cb  Briatol,  Ot  Bristol,  Ot. 

of  f.  432) ;  also  J-i,  a  cruciform  twin  (£  432),  croBfiiiig  at  angles  of  111° 
and  69°;  f.  433,  a  criiciform  f^in,  having  O  and  /  or  one  ci-ystal  parallel 
i-eapectively  to  i-t  and  O  of  the  other.  Also  niassire,  Btructure  granular, 
ur  compact  and  impalpable 
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Il.=2*5-3.  G.:^5*5-5*8.  Lurtre  metallic.  Color  and  streak  blaoUsh 
lead-gray :  often  taniished  blue  or  green  ;  streak  Bometimes  Bhining.  Ymy 
tine  conclioidal. 

Oomp.— 0098= Sulphur  20*2,  oopper  79-8=100. 

Pyr,,  etc. — Yields  nothing  volatile  in  the  closed  tube.  In  the  open  tube  gives  off  snlphnr- 
ouB  fames.  B.B.  on  charcoal  melts  to  a  globule,  which  boils  with  spiri^ig;  with  soda  ii 
seduced  to  metallio  copper.     Soluble  in  nitric  add. 

Obs. — Cornwall  affords  splendid  crystals.  The  compact  ai^  massive  varieties  occur  in 
Siberia,  Herae,  Saxonj,  the  Banat,  etc. ;  Mt.  Catini  mines  in  Tuscany ;  Mexico,  Pem. 
Bolivia,  Chili. 

In  the  United  States,  it  has  been  found  at  Bristol,  Conn. ,  in  large  and  brilliant  dystak 
£n  Virginia,  in  the  United  States  copper  mine  district.  Orange  Co.  Between  Newmarket  and 
Taneytown,  Maryland.  In  Arizona,  near  La  Paz ;  in  N.  W.  Sonera.  In  Nevada,  in  Wasboe, 
Humboldt.  Churchill,  and  Nye  Cos. 

Harbisite  of  Shepard,  from  Canton  mine,  Qeorgia,  is  ohaloodte  with  the  deavage  of 
galenite  (pseudomorphons,  Genth), 

STROBffBTSRITZ],    Bilberkupferglans,  Germ. 

Orthorhoinbic :  iflomorphous  with  chaleocite.  /A  /=  119®  35'.  Also 
massive,  compact. 

H.=2o-3.  G.=6-2~6'3.  Lustre  metallic.  Color  dai-k  steel-gray. 
Streak  shining.    Fracture  sabconchoidal. 

Oomp.— AgCuS=Ag9S+Cu3S=Sulphur  15*7,  sUver  53-1,  copper  31 -2-100. 

P3rr.,  etc. — Fuses,  but  gives  no  sublimate  in  the  closed  tube.  In  the  open  tube  snlphuroni 
fumes.  B.B.  on  charcoal  in  O.F.  fuses  to  a  semi-malleable  globule,  which,  treated  with  the 
fluxes,  reacts  strongly  for  oopper,  and  cupelled  with  lead  gives  a  silver  globule.  Soluble  in 
nitric  acid. 

Obs, — Found  at  Schlangenberg,  in  Siberia ;  at  Eudelstadt,  Silesia ;  also  in  Chili ;  at  Com- 
bavalla  in  Peru ;  at  Heintselman  mine  in  Arizona. 

STEBKBEBOiTS.'^An  iron-silver  sulphide,  AgFcaSa.  Johanngeoigenstadt  and  JoachimsthsL 


{d)  Pyrrhotite  Group.    Hexagonal. 

OZNNABARi    Zinnober,  Germ, 

Ehorabohedral.    J?  A  i?  =  92°  36',  R\0^  127°  6' ;  c  =  1-1448.    A(r 

cording  to  DesCloizeaux,  tetartohedral,  like  quartz. 
484  Also  granular,  massive ;  sometimes  forming  iuper- 

ficial  coatings. 

Cleavage:  /,  very  perfect  Twins:  twinning- 
plane  O, 

H=2-2-6.  G=8-998,  a  cleavable  variety  from 
Neuraarktel.  Lnstre  adamantine,  inclininflr  to  metal- 
lie    v^rhen    dark-colored,    and    to    dull   id    fiiable 

_.  .      varieties.     Color  cochineal-i*ed,  often  inclining  to 

— .g         I  /      brownish-red  and   lead^gray.     Streak  scsrlet,  sub- 
y       transparent,  opaque.     Iracture  subcouchoidal,  un- 
even.    Sectile.    Polarizaticu  circular. 

Oomp.— .HgS  (or  HgaSB)=Siilphnr  18-8,  mezoiuy  80'd=100.  Bometimee  Impfiui  hcmoh^' 
lion  aesqoioxide,  bitnmen. 
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Pyr.— In  the  closed  tabe  a  black  sublimate.  Oarefullj  heated  in  the  open  tube  g:iTes  aoI- 
phniOQS  fames  and  metallic  mercury,  condensing  in  minate  globules  on  the  cold  walls  of  the 
(aba.    B.B.  on  charcoal  wholly  volatile  if  pure. 

Obs. — Cinnabar  occurs  in  beds  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  The  most  important  European  beds  of  thi£ 
ore  are  at  Almaden  in  Spain,  and  at  Idria  in  Gamiola.  It  occurs  at  Reichenau  and  Windisch 
ICappelin  Carinthia;  in  Transylvania;  at  Eipa  in  Tuscany;  at  Schemnitz  in  Hungary;  in 
the  Urals  and  Altai ;  in  China  abundantly,  and  in  Japan  ;  San  Onof re  and  elsewhere  in  Mexico ; 
in  Southern  Peru ;  forming  extensive  mines  in  California,  in  the  coast  ranges  the  principal 
mines  are  at  New  Almaden  and  the  vicinity,  in  Santa  Chu»  Co.  Also  in  Idaho,  in  limestone, 
ainmdant. 

This  ore  is  the  source  of  the  mercury  of  commerce,  from  which  it  is  obtained  by  sublimit 
tion.    When  pure  it  ia  identical  with  the  manufactured  v&rmUian  of  commerce. 

Mbtacinnabaritr  {Afoore).—A  black  mercury  sulphide  (HgS).  Barely  crystalliztd. 
R=d.     0*-=7'75.     Lustre  metallic.     Eedington  mine.  Lake  Co.,  Cal. 

GUADALCAZARITB. — Essentially  HgS,  with  part  (-/jf)  of  the  sulphur  replaced  by  selenium, 
and  part  of  the  mercury  replaced  by  zinc  (Hg :  Zn=:6 : 1,  Petersen ;  =12  : 1,  Bamm.).  Massive. 
Color  deep  black.  Guadalcazar,  Mexico.  LsYiGLiAiiiTJfi  is  a  ferruginous  variety  from 
Levigliani,  Italy. 

BIILZJEZarril.*  Oaplllary  Pyrites.    Haarkiee ;  Nickelkiesp  Oerm, 

Rhombohedral.  ^ A i?  =  l44° 8^ Miller,  c  =  0-32955.  OaB=:  159°  10'. 

Cleavage :  rhombohedral,  perfect.  Usual  in  capillary  crystals.  Also  in 
columnar  tufted  coatings,  partly  serai-globnlar  and  radiated. 

H.=3-3'5.  G.=4'6-5'65.  Lustre  metallic.  Color  brass-yellow,  inclin- 
ing to  bronze-yellow,  with  often  a  gray  iridescent  tarnish.  Streak  bright 
Brittle. 

Conp.— NiS=Sulphur  85  6,  nickel  64 '4=100. 

Pyr.,  etc — Li  the  open  tube  sulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule.  When 
roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.  F. ,  becoming  gray  in  R.F. 
from  reduced  metallic  nickel.  On  charcoal  in  B.F.  the  roasted  mineral  gives  a  coherent 
metallic  mass,  attractable  by  the  magnet.     Soluble  in  nitric  acid. 

Olit. — Found  at  Joachimsthal ;  Frzibram ;  Biechelsdorf ;  Andreasbexg ;  several  localities 
in  Saxony ;  Cornwall. 

Occurs  at  the  Sterling  mine,  Antwerp,  N.  Y. ;  in  Lancaster  Co.,  Pa.,  at  the  Gap  mine ; 
with  dolomite,  and  penetrating  calcite  crystals,  in  cavities  in  limestone,  at  St.  Louis,  Mo. 

Bbyrichttb  (Z«0&tf).— Formula  Ni»ST=Salphur  48*6,  nickel  66'4=100.  Color  lead-gray. 
Oocnxs  in  radiated  groups  with  millerite  in  the  Westerwold. 


PTRRHOnTB.    Magnetic  Pyrites.    IfagnetkieB,  Oerm. 

Hexagonal.     0M  =  U6''  8';    ^  =  0-862.     Twins:  twinning-plane   I 
(f.  435).  Cleavage :  O,  perfect ;  /,  less  bo.  Commonly 
massive  and  amorphous;  structure  eranular. 

H.=3-5-4-5.  G.=4-4-4-68.  Lustre  metallic. 
Color  between  bronze-yellow  and  copper-red,  and 
subject  to  epeedy  tarnish.  Streak  dark  grayish- 
black.  Brittle.  Magnetic,  being  attractable  in 
fine  powder  by  a  magnet,  even  when  not  affecting 
tn  ordinary  needle. 

C3onip^-(l)  Mostly  Pe,Se=Sulphur  39-5,  iron  60'5=100 :  hut  varying  to  Fe.S.,Fe98,o  and 
Fei tSi I.     Some  varieties  contain  3-6  p.  c.  nickel.     JBarbaehiu  contains  (Wagner)  1 2  p.  a  Ni. 
Pyr.,  etc. — Unchanged  in  the  dosed  tube.    In  the  open  tnVe  gives  sulphiiroas  oxide.    Of 

16 
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cbazcool  in  R.F.  fuses  to  a  bbek  mAgnetic  maas ;  in  O.F.  is  oonverted  into  iron  sesqniszidfi, 
which  with  fluxes  gives  only  an  iron  reaction  when  pure,  but  man  j  Tarieties  yield  smal] 
amounts  of  nickel  and  cobalt.  Decomposed  by  mnriatic  add,  with  evolntaon  of  siUphnietteil 
hydrogen. 

Diff. — Distinguished  by  its  magnetic  character,  and  by  its  bronze  color  on  the  fresh  fncture. 

Obs. — Occurs  in  Norway ;  in  Sweden ;  at  Andreasberg ;  Bodenmais  in  BaTaria ;  N.  Tagilak ; 
in  Spain ;  the  lavas  of  Yesuyias ;  GomwalL 

In  N.  America,  in  Vermont,  at  Stafford.  Corinth,  and  Shrewsbnzy ;  in  many  parts  of 
Hasbachnsetts ;  in  Connecticut,  in  Trumbnll,  in  Monroe ;  in  K.  York,  near  Natural  Bridg« 
in  Diana,  Lewis  Co. ;  at  O^Neil  mine  and  elsewhere  in  Orange  Ca  In  N.  Jersey,  Morris  Co., 
at  Hnidstown.  In  PeimsylTania,  at  the  Gap  mine,  Lancaster  Co.,  nicooliferous.  In  Tenncs* 
see,  at  Ducktown  mines.     In  Canada,  at  St.  Jerome ;  Elisabethtown,  Ontario  (f .  435),  etc. 

The  niccolif  erous  pyrrhotlte  is  the  ore  that  affords  the  most  of  the  nickel  of  commerce. 

Tboilite. — ^According  to  the  latest  investigations  of  J.  Lawrence  Smith,  compositioQ 
FeS,  iron  proto-snlphide  ;  that  is,  iron  63  "6,  sulphnr  36*4=100.  Occurs  only  in  iron  meteor- 
ites. Daubbi:elite  (Smith).  — Composition  Cr,Sa.  Observed  in  the  meteoric  iron  of  Nortbem 
Mexico;  occurring  on  the  borders  of  troilite  nodules.  Similar  to  BhepardUe^  Haidingci 
{=»ehreiber»ite,  Shepard),  described  by  Shei)ard  (1846)  as  ocouiring  in  the  BishopviUe,  S.  C, 
meteoric  iron. 

SCHBEIBERSITB  also  solely  a  meteoric  mineral.     Contains  iron,  niokelf  and  phosphorua. 

WuBTZTTB  (Spiauterite). — ZnS,  like  sphalerite,  but  hexagonal  in  crystallisation.    BoliriiL 


Hexagonal ;  hemimorphic.  O  A 1  =  136''  24' ;  c  =  0-8247.  Cleavage: 
/,  diBtinct ;  O,  imperfect. 

H.= 3-3*5.  G.=4*8-4-999.  Lustre  adamantine.  Color  honey-yellow; 
citron-yellow ;  orange-yellow — veined  parallel  with  the  axis ;  bix)iizc- 
yellow.  Streak-powder  between  orange-yellow  and  brick  red.  Nearly 
transparent.     Strong  double  refraction.    Jfot  diermoelectric,  Breithanpt. 

Oomp.— CdS  (or  Cd,Sa)= Sulphur  22*2,  cadium  77-8. 

Pyr.,  etc— In  the  closed  tube  assumes  a  carmine-red  color  while  hot,  fading  to  the  original 
yellow  on  cooling.  In  the  open  tube  gives  sulphurous  oxide.  B.B.  on  charcoal,  either  alone 
or  with  soda,  gives  in  B.F.  a  reddish-brown  coating.  Soluble  in  hydrochloric  acid,  evolnng 
nulphuretted  hydrogen. 

Obs.— Occurs  at  Bishoptown,  in  Benfrewfihim,  Scotland ;  also  at  Przibram  in  Bohemia ; 
on  sphalerite  at  the  Ueberoth  sine  mine,  near  ftiedensville.  Lehigh  Co.,  Pa. ,  and  at  Granlqr, 
EOi 


NIOCX)Z^rB.    Copper  NickeL    Eupfemickel,  Bothnickelkies,  OemL 

Hexagonal.  <?  A 1  =  13°6  36' ;  6:  0-81944.  Usually  massive,  stmctiire 
nearly  impalpable ;  also  reniform  with  a  columnar  structure ;  also  reticu- 
lated and  arborescent. 

H.=5-5-5.  G.=7-33-7-671.  Lustre  metallic.  Color  pale  copper-red, 
with  a  gray  to  blackish  tarnish.  Streak  pale  brownish-black.  Opaque. 
Fracture  uneven.    Brittle. 

Oompr— NiAs  (or  NiaA8,)= Arsenic  50*4,  nickel  48-0=100;  sometimes  part  of  the  anenio 
leplaoed  by  antimony. 

P3rr.y  etc^In  the  closed  tube  a  faint  white  crystalline  sublimate  of  axsenons  oxide.  In  the 
open  tube  arsenous  oxide,  with  a  trace  of  sulphurous  onde,  the  asssy  becoming  yellowuh- 
green  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule,  which,  treated  with  boiiz 
glass,  afFordff,  by  successive  oxidation,  reactions  for  iron,  cobalt,  and  nickel.  Soluble  n 
nltro-hydrochlorio  acid. 

Di£L— Distinguished  by  its  color  from  other  similar  sulphides,  as  also  by  its  pyrognoftio& 
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Ota^-Oeotm  at  Mreral  Suon  mineB,  oUo  fn  Thnringia.  HesM,  and  Styrln,  and  at  Alls- 
niont  in  DaDphiny ;  occsBionolljr  in  Cornwall ;  Chili ;  abnndanC  at  Hina  de  la  Itioja,  in  tb« 
irgentiae  ProTmce&     Foaad  at  Chatham,  Conn.,  in  gneiu,  oaaoc  Jated  with  smaltite. 

BBErrHADPTrrE;.— CompoBition  NiSb^Antiittoiiy  UTfl,  nickel  33-2  =  100.  Color  light 
coppiir-red.     Andreasbem. 

Aritb. — An  antitnomrerooB  nioooliU,  oontalnine  33  p^  o.  Sb.    BtMrn-FjionioBi  Wolfkota, 


a.   DEUTO    OB   PYBITE   DIVISION.' 

(a)  Pyrite  Group. 

PnuTB.*  Iron  PTritea.    SchwefelUea,  KsenUes,  Otfnn. 

Isometric ;  pyritohedral.  The  cnbe  the  most  common  fonn ;  the  pyrito- 
'ledron,  f.  92,  p.  23,  and  related  forme,  f.  94,  95,  96,  also  very  common. 
See  also  f.  103, 104,  105,  p.  24,  Citbic  faces  often  striated,  with  Btriationg 
of  adjoining  faces  at  right  angles,  and  due  to  <«cilIatory  combination  of  the 
cube  and  pyritohedron,  the  strifa  having  the  direction  of  the  edges  between 
0  and  i-2.  Crystals  sometiiiies  acicnlar  thi-ongh  elongation  of  cubic  and 
other  forms.  Cleavage :  cubic  and  octahedral,  more  or  fess  distinct.  Twins ; 
twiniiig-plane  /,  f.  276,  p.  93,  Also  reniform,  globular,  stalactilie,  with  a 
crystalline  surface ;  sometimes  radiated  subfibroua.    !&^SBire. 


H.=6-6-5.  G.=4'88-5'2.  Lustre  metallic,  splendent  to  glistening. 
Color  a  pale  brass-yellow,  nearly  nnifonn.  Streak  greenish  or  Diwrnish- 
black.  Opaque.  Fracture  conchoidal,  unoTCii.  Brittle,  Strikes  fire  with 
Bteel. 

Oomps  Tar.— FaSi-Snlphnr  33-8,  iron  «'7=100.  Nickel,  cobalt. and  thalUnm,  and  alao 
eopper,  sometimeB  replace  a  little  of  the  iron,  or  else  occur  aa  mixtniea ;  and  gold  ia  Bome- 
tlines  present,  dlBtribnted  invimbly  tlirongh  it. 

Pyr.,  etc.— In  the  closed  tube  a  snbliraato  of  snlphnr  and  a  magnetio  reddno.  B.B.  on 
diAKoal  gives  off  milpbiit,  bamiog  with  a  bine  flame,  leaTing  a  residue  which  reoota  like 
pjrAotite.     Insolnble  in  hjdrochlorio  acid,  but  decomposed  b^  nitric  acid. 

IXS, — Distingaished  from  oha!cop}rrite  by  its  greater  hardnoeH,  since  it  cannot  be  (lat  with 
a  knife ;  as  also  bj  its  pale  color ;  from  marcaaite  by  ita  apeci&o  gravibj  and  color.  Not 
ButUealjIe  like  gold 

Otas. — Pyrite  occnrs  abnndantly  in  roolca  of  all  ages,  from  the  oldest  oiTitBlline  RxAa  to  till 
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most  veoent  annvial  depoats.  It  nsaaUy  oocsnn  in  small  oabes,  alBO  in  izregnlar  qiheiuidat 
nodules  and  in  veins,  in  day  slate,  axgillaoeoas  sandstones,  the  coal  formatian,  ete.  Tb« 
Cornwall  mines,  Alston-Moor,  Derbyshire,  Fahlnn  in  Sweden,  Kongsbeig  in  Norway.  Elba, 
Trayersella  in  Piedmont,  Pern,  are  well-known  localities. 

Occars  in  New  England  at  many  plaoes :  as  the  Vernon  slate  quarries ;  Boxbnry,  Conn.,  etc. 
In  li.  York^  at  Rossie,  at  Schoharie;  in  Orange  Co.,  at  Warwick  and  Deerpark,  and  many 
other  places.  In  Pennsylvania^  at  Little  Britain,  Lancaster  Co. ;  at  Chester,  Delaware  Co.; 
in  Carbon,  York,  and  Chester  Cos. ;  at  Cornwall.  Lebanon  Co.,  etc.  In  WtBcarmn^  near 
Miniiral  Point  In  jY.  Car.,  near  Greensboro',  Guilford  Co.  Auriferous  pyrite  is  common  at 
the  mines  of  Colorado,  and  many  of  those  of  Calif  omia,  as  well  as  in  Virginia  and  the  States 
sonth. 

This  species  affords  a  considerable  part  of  the  iron  sulphate  and  sulphuric  acid  of  commeioe 
and  also  much  of  the  sulphur  and  alum.  The  auriferous  variety  is  worked  for  gold  in  man^i 
gold  regions. 

The  name  pyrite  is  derived  from  r8p,  fire,  and  alludes  to  the  sparks  from  friction. 

Haubbite.— Composition  MnSt=Sulphur  63*7,  manganese  40 *3=X00.  Isometria  Coloi 
leddish-brown.    Kalinka,  Hungary. 


OEULZXX)F7RITE.*  Copper  Pyrites.    Enpfeddes,  Germ, 

Tetragonal ;  tetrahedral,  (9  A  1-i  =  135°  26';  c  =  0-98556 ;  (9  A 1  =  125" 
40' ;  1  A 1,  pyr.,  =  109°  53' ;  1 A 1  (f.  440)  =  71°  20'  and  70°  7'-  Cleav- 
age :  2-t  Bometimes  distinct ;  Oj  indistinct  Twins :  twinning-plane  l-i ; 
tne  plane  1  (see  p.  94).    Often  massive. 
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H.=8-5-4.  G.=4*l-4'3.  Lustre  metallic.  Color  brass-yellow ;  subject 
to  tarnish,  and  often  iridescent.  Streak  greenish-black — ^a  little  shining. 
Opaqne.    Fi-acture  conchoidal,  uneven. 

Oomi».—CuFeSt= Sulphur  84*9,  oopper  84-6,  iron  80*5=100.  Some  analyses  give  othei 
proportionB ;  but  probably  from  miztnre  with  pyrite.  There  are  indefinite  mixtc^es  of  the 
two,  and  with  the  mcreaae  of  the  latter  the  color  becomes  paler. 

This  species,  althongh  tetragonal,  is  very  closely  isomorphous  with  pyrite,  the  Taziation 
from  the  cubic  form  being  slight,  the  vertical  axis  being  0 '98566  instead  of  1. 

Traces  of  selenium  have  been  noticed  by  Eersten  in  an  ore  from  Reinsberg  near  Freibeig. 
Thallium  is  also  present  in  some  kinds,  and  more  frequently  in  this  ore  than  in  pyrite. 

Pyr.,  etc, — In  the  closed  tube  decrepitates,  and  gives  a  sulphur  sublimate ;  in  the  open 
tube  sulphurous  oxide.  B.B.  on  charcoal  gives  sulphur  fumes  and  fuses  to  a  magnetic  glo 
bule.  The  roasted  ore  reacts  for  copper  and  iron  with  the  fluxes ;  with  soda  on  charcoal 
gives  a  globule  of  metallic  iron  with  copper.  Dissolves  in  nitric  acid,  excepting  the  sulphur, 
and  forms  a  green  solution ;  ammonia  in  excess  changfes  the  green  color  to  a  deep  blue. 

Di£L — Distinguished  from  pyrite  by  its  inferior  hardness,  it  can  be  easily  scratched  with 
the  knife ;  and  by  its  deeper  color.  Not  malleable  like  gold,  from  which  it  difleis  abo  is 
being  decomposed  bj  nitzio  add. 
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Obib — Ghaloopjrite  U  the  piincipal  ore  of  (topper  at  the  Cornwall  mines.  Ocooxb  at  Frei< 
beig;  in  the  Bannat ;  Hnngaiy ;  and  Thniingia ;  in  Scotland ;  in  Toaoanj ;  in  South  Aoatralia; 
in  fine  ciystals  at  Oerro  Blanoo,  Chili 

A  common  mineral  in  America,  some  localities  are :  Stafford,  Yt. ;  Rossie,  Ellenyille,  N.  Y. ; 
PhenixTllle,  eta ,  Penn.  The  mines  in  North  Carolina  and  eastern  Tennessee  afford  large 
quantitiea  Occors  in  Gal. ,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  NorU 
Co.,  on  west  side  of,  and  parallel  to,  the  chief  gold  belt ;  occurring  massive  in  Calaveras  Co.; 
in  Bfariposa  Co.,  etc.  In  Canada,  in  Perth  and  near  Sherbrooke;  extensively  mined  at 
Bruce  mines,  on  Lake  Huron. 

Named  firom  x^'^^^j  bras8^  and  pyritss^  by  Henckel,  who  obsenres  in  his  Pjritology  (1725) 
Uuit  chaloopyrite  is  a  good  distincUye  name  for  the  ore. 

COBAKiTK  is  CuFeaSi,  or  CuFcaSs  (Scheidhauer). — Occurs  massive  at  Barracanao»  Cuba; 
Tanaberg,  Sweden. 

Barnhabdtitb,  from  North  Carolina. — Composition  uncertain,  perhaps  Cu^FosS*.  It  maj 
be  partly  altered  from  ohalcopvrite. 

Stannitb  (Zinnkies,  Qerm,). — ^A  sulphide  containing  26  p.  a  tin ;  also  copper,  iron,  and 
line.    KaMtve,    Color  steel-gzay.    Chiefly  from  Cornwall,  also  ZiunwaUL 


Kobaltniokelkiefl,  Oamk 

Ifiometric.  Cleavage:  cubic,  imperfect.  Twins:  t winning-plane  octa- 
hedral.    Also  massive,  granular  to  compact. 

H.=5*5.  G.=4*8-5.  Lustre  metallic.  Color  pale  steel-gray,  tarnishing 
copper-red.     Streak  blackish-gray.     Fracture  uneven  or  subconchoidal. 

Oomp. — CosS4  (or2CoS+CoS9)=Sulphur  42*0,  cobalt  58-0=100;  but  having  the  cobalt 
replaced  piurtly  by  nickel  or  copper,  the  proportions  varying  very  much.  The  Mdsen  ore 
(idegemte)  contains  80-40  p.  o.  of  nickeL 

Pyr.,  etc  — The  variety  from  Miisen  gives,  in  the  dosed  tube,  a  sulphur  sublimate ;  in  tho 
open  tube,  sulphurous  fumes,  with  a  faint  sublimate  of  arsenous  oxide.  B.B.  on  charcoal 
gives  arsenical  and  sulphurous  odors,  and  fuses  to  a  magnetic  globule.  The  roasted  mineral 
gives  with  the  fluxes  reactions  for  nickel,  cobalt,  and  iron.  Soluble  in  nitric  acid,  with  separa- 
tion of  sulphur. 

Diffr^Distinguished  by  its  color,  and  isometric  crystallization. 

Obs, — In  gneiss,  at  Bastnaes,  Sweden;  at  Miisen,  near  Siegen,  in  Prussia;  at  Siegen 
{siegenUe),  in  octahedrons ;  at  Mine  la  Motte,  in  Missouri,  most^  massive,  also  ciystalline  *. 
and  at  Mineral  Hill,  in  Maxyland. 


BMAI/TTTB,*  Speiskobalt,  Oerm, 

Isometric.  Cleavage :  octahedral,  distinct ;  cubic,  in  traces.  Also  mas- 
sive and  ill  reticulated  and  other  imitative  shapes. 

H. = 5-5-6.  G. = 6*4  to  7*2.  Lustre  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish-black.    Fracture  granular  and  uneven,    ibrittle. 

Comp.,  Var. — For  typical  kind  (Go,Fe,Ni)Asa=  (if  Co,  Fe,  and  Ni  be  present  in  equal 
parts)  Arsenic  72'1,  cobalt  9*4,  nickel  9 '5,  iron  9-0=100.  It  is  probable  that  nickel  is  nevei 
whoUy  absent,  although  not  detected  in  some  of  the  earlier  analyses ;  and  in  some  kinds  it  ii 
the  principal  metaL     The  proportions  of  cobalt,  nickel,  and  iron  vary  muoh. 

The  f oUowing  analyses  wiU  serve  as  examples  of  the  different  varieties :  « 

As  Ck>  Ni  Fe         Gu 

1.  Sohneeberg  70'87  13*95  1*79  11-71  1*39  S  0*66,  Bi  0-01  =99*88  Hofmana 

2.  AHemont {ehloa7ithUe)  7 I'll  18  71  6*82  S  2-29=98-93  Bammelsberg. 

3.  HieoheUidorf  6042  1080  25*87  080  S  211=100.  " 

4.  Sohneebeig  74  80  8*79  12*86  7*33  S  0*85 =90-68  Karstedt 
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"Pyr,^  etc. — In  the  doee  tabe  gives  a  sablimate  of  metallio  arsenio ;  in  the  open  iabe  a 
white  Bublimate  of  aisenons  oxide,  and  sometimes  traces  of  sulphoroos  oxide.  B.B.  on  char- 
coal gives  an  arsenical  odor,  and  fnses  to  a  globule,  which,  treated  with  snooesaive  portunu 
of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickeL 

Obs. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of  silvei 
and  copper ;  also,  in  some  instances,  with  niccolite  and  arsenopyrite ;  often  having  a  coating 
of  annabergite. 

Occurs  at  Schneebeig,  etc.,  in  Saxony ;  at  Joachimsthal ;  also  at  Wheal  Spamom  in  Gum- 
wall;  at  BiechelBdorf  in  Hesse;  at  Tunaber^  in  Sweden;  AUemont  in  Dauphin^  Also  in 
crystals  at  Mine  La  Motte,  Missouri  At  Chatham,  Conn.,  the  chloantiiite  {eJiathanUte)  occnia 
in  mica  slate,  associated  generally  with  anenopyrite  and  sometimes  with  niccolite. 

Spathiopybitb  is  doMly  allied  to  smalUte,  with  which  it  occurs  at  Bieber  in  Hessen. 

Skuttbrudite  (TesseralkieB,  6^0r»i«).^</oAss=Arsenic  79*2,  cobalt  20*8=  100.  Isometria 
Bkutterud,  Norway. 


OOBAIiTITIL    Giance  Cobalt.    Eobaltglans,  Qernk 

Isometric ;  pjritohedral.  Commonly  in  pyritohedrons  (f.  92,  95,  etc., 
p.  23).  Cleavage:  cabic,  perfect,  rlaues  O  striated.  Also  massive, 
granular  or  compact. 

H.=5-5.  G.= 6-6*3.  Lustre  metallic.  Color  silver-white,  inclined  to 
red  ;  also  steel-gray,  with  a  violet  tinge,  or  grayish-black  when  containing 
ranch  iron.     Streak  grayish-black.     Fracture  uneven  and  lamellar.    Brittle. 

Oomp.,  Var.— OoAsS  (or  CoS9+OoAs2)=Sulphur  19'8,  arsenic  45 "2,  cobalt  85*5=100.  The 
oobalt  is  sometimes  largely  replaced  by  iron,  and  sparingly  by  copper. 

Pyr.,  etc. — Unaltered  in  the  closed  tube.  In  the  open  tube,  gives  sulphurous  fumes  and 
a  crystalline  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  off  sulphur  and  arseniCf 
and  fuses  to  a  magnetic  globule  ;  with  borax  a  cobalt-blue  color.  Soluble  in  warm  nitric  add, 
separating  arsenous  oxide  and  sulphur. 

Di£—  Distinguished  by  its  reddish-white  color ;  also  by  its  pyritohedral  form. 

Obs. — Occurs  at  Tunaberg,  Hokansbo,  in  Sweden  ;  also  at  Skuttemd  in  Norway.  Other 
localities  are  at  Querbach  in  Silesia,  Siegen  in  Westphalia,  and  Botallack  mine,  in  ComwaU. 
The  most  productive  mines  are  those  of  Vena  in  Sweden. 

This  species  and  smaltito  afford  the  greater  part  of  the  smalt  of  commerce.  It  ia  also 
employed  in  porcelain  painting. 


GBRSDORFFITE.    Niokehusenikkies,  Arseniknickelglanz,  Oerm. 

Isometric  ;  pyritohedral.  Cleavage :  cubic,  rather  perfect  Also  lamel* 
lar  and  granular  massive. 

H.=5-5.  G.=5.6-6'9.  Lustre  metallic.  Color  silver-white — steel- 
gi-ay,  often  tarnished  gray  or  grayish-black.  Streak  grayish-black.  Frac- 
ture uneven. 

Oomp.,  Var.— Normal,  NiAsS  (or  NiSa+NiAs,)^: Arsenic  45*5,  sulphur  19*4,  nickel  351:^ 
100.    The  composition  varies  in  atomic  proportions  rather  widely. 

P3nr.,  etc — In  the  closed  tube  decrepitates,  and  gives  a  yellowish-brown  sublimate  of 
arsenic  sulphide.  In  the  open  tube  yields  sulphurous  fumes,  and  a  white  sublimate  of  arsen- 
ous oxide.  B.B.  on  charcoid  gives  sulphurous  and  garlic  odors  and  fuses  to  a  globule,  which, 
with  borax-glass,  gives  at  first  an  iron  reaction,  and,  by  treatment  with  fresh  portions  of  ths 
flux,  cobalt  and  nickel  are  successively  oxidized. 

Decomposed  by  nitric  acid,  forming  a  green  solution,  with  ^paration  of  sulphur  and  aiscu* 
ons  oxide. 

Obs.— Occurs  at  Loos  in  Sweden ;  in  the  Harz ;  at  Schladming  in  Styria ;  Kamsdorf  ii 
Lower  Thuringia;  Haueiseii,  Voigtland;  near  Bms.  Also  foimd  aa  an  inomstation  at 
FhenixviUe,  Pa. 
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0LLMAHHITB.— NiSbS  (NiSa+NiSba)= Antimony  672,  snlphar  15-1,  nickel  27-7=100 
GeDerallj  oontains  alao  aome  aisenia     Coloi  steel-gray.     Siegen,  Harzgerode,  etc. 

COBTKITG.— Ni(AjB,Sb)S,  but  the  arsenio  (38  p.  a)  in  ezceas  of  the  antimony.  Olsa,  Corin« 
thia.  WoLPACHiTB  (Petersen),  from  Wolfaoh,  Baden,  is  similar  in  composition,  but  ii 
orthorhombio  in  form. 

Laxtbitr. — ^An  osmium-mthenium  sulphide.  Analysis  (Wohler)  Sulphnr  81*79  [Osmlon 
8*03],  Rutheninm  65.18=100.  Oocnrs  in  minnte  octahedrons  from  the  platinnm-washiiga 
of  Borneo;  oa alao  those  in  Oregon. 


(h)  MarcasUe  Group.    Orthorhombic 


BffAROASXTB.    White  Iron  Pyrites.    Btrahlkies,  eto.,  Oerm. 

Orthorhombic.     /A  7=  106°  6',  C>  A  1-i  =  122**  26',  Miller ;  6:i:d=s 
1-5737  :  1-3287  :  1.     (9  A 1  =  116**  55' ;  O  A  l-« 
=  130*"  10'.     Cleavage :  /  rather  perfect ;  l-t  443 

in  traces.  Twins :  twinning-plane  7,  sometimes 
consisting  of  five  individuab  (see  f .  308,  p.  98) ; 
also  1-i.  AI89  globular,  reniform,  and  other 
imitative  shapes — structure  straight  columnar ; 
often  massive,  columnar,  or  granular. 

H.=6-6  5.  G.=:4"678-4-847.  Lustre  metallic.  Color  pale  bronze-yel- 
low, sometimes  inclined  to  green  or  gray.  Streak  grayish-  or  bix>wmsh- 
black.     Fracture  uneven.    Brittle. 

Oomp.,  Var.— FeSs,  like  pyrite=Snlphnr  53 '8,  iron  46*7=100. 

The  varieties  that  have  been  recognized  depend  mainly  on  state  of  ctystallization ;  as  the 
Radiated  (Strahlkies) :  Radiated ;  alw>  the  simple  crystals.  Ooektcomb  {Kainmkies) :  Aggre- 
gations of  flattened  crystals  into  crest-like  forms.  Spear  {Speerkies) :  Twin  crystals,  with 
reentering  angles  a  little  like  the  head  of  a  spear  in  form.  Capittary  {Haarkies) :  In  capil- 
lary ciystallizations,  etc. 

Pyr. — Like  pyrite.    Very  liable  to  decomposition ;  more  so  than  pyrite. 

Tm* — ^Distinguished  from  pyrite  by  its  paler  color,  especiaUy  madced  on  a  fresh  surface ; 
by  its  tendency  to  tarnish ;  by  its  inferior  specific  gravity. 

Obs.— Occurs  near  Carlsbad  in  Bohemia ;  at  Joachimsthal,  and  in  several  parts  of  Saxony  ; 
ill  Derbyshire ;  near  Alston  Moor  in  Cumberland ;  near  Tavistodc  in  Devonshire,  and  iu 
UomwaU. 

At  Warwick,  N.  Y.  Massive  fibrous  varieties  abound  throughout  the  mica  slate  of  New 
Eo^and,  particularly  at  Cummington,  Mass.  Occurs  at  Lane's  mine,  in  Monroe,  Conn.  ;  in 
TrumbuU ;  at  Bast  Haddam ;  at  Haverhill,  K.  H. ;  GhUena,  III,  in  stalactites.  In  Canada  in 
Neebing. 

Marcasite  is  employed  in  the  manufacture  of  sulphur,  sulphuric  add,  and  iron  sulphate, 
though  less  frequently  than  pyrite. 


AR6BNOFYRITB,  or  MISPICSEL.    Arsenical  Pyrites.    Arsenikkiefl,  Oemu 

Ordiorhombic.  / A  /=  111^  63',  (9  A 14  =  119^  37' ;  (5 :  3  :  df  =  1-7588  : 
1-4793:1.  (9a1  =  115°  12',  (9a1-«  =  130°  4'.  Cleavage:  /  rathtji 
distinct ;  O^  faint  traces.  Twins :  twinniiig-plane  /,  and  1  i.  Also  colum- 
nar, straight  and  divergent ;  granular,  or  compact. 

IL=:5'5-6.     G.=6'0-6-4 ;  6-269,  Franconia,  Kenugott,     Lustre  meUllia 
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Color  silver-white,  inclining  to  steel-gray.   Streak  dark  grajish-black.   Frao 
tore  uneven.    Brittle. 
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Fxanoonm,  N.  H.  Fianoonia,  N.  H.,  and  Kent,  N.  T. 


Danaite. 


Oomp.,  Var.— FeAsS=FeSt+FeA8a=Ar8enic 46-0.  Bulphur  19*6,  iron  84 •4=100.  Part  ot 
the  iron  sometimes  replaced  by  cobalt ;  a  little  nickel,  bismuth,  or  silver  are  also  oocasionally 
present.  The  oobaltic  variety,  called  danaite  (after  J.  Freeman  Dana),  contains  4-10  p.  c.  of 
cobalt. 

Pyr.,  etc. — In  the  dosed  tube  at  first  gives  a  red  sublimate  of  arser^c  sulphide,  then  a 
black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tube  gives  sulphurous  fumes  and  a 
white  sublimate  of  areenous  oxide.  B.B.  on  charcoal  gives  the  odor  of  arsenic.  The  varieties 
containing  cobalt  give  a  blue  color  with  borax-glass  when  fused  in  O.F.  with  successive  por- 
tions of  uux  until  all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor. 
Decomposed  by  nitric  acid  with  separation  of  arsenous  oxide  and  sulphur. 

Diff. — Difitingaiahed  by  its  form  from  smaltite.  Leucopyrite  (lolHngite)  do  not  give 
decided  sulphur  reactions. 

Obs. — Found  principally  in  crystalline  rocks,  and  its  usual  mineral  associates  are  ores  of 
silver,  lead,  and  tin ;  pyrite,  chaJcopyrite,  and  spalerite.    Occurs  also  in  serpentine. 

Abundant  at  Freiberg ;  at  Beichenstein  in  Silesia ;  at  Schladming ;  Andreasbeig ;  Joachims- 
thai ;  at  Tunaberg  in  Sweden ;  at  Skutterud  in  Norway ;  in  Gomw^ ;  in  Devonshire  at  the 
Tamar  mines. 

In  2^eu>  Hampshire,  in  gneiss,  at  Franconia  {danaite) ;  also  at  Jackson  and  at  Haverhill. 
Jn  Maine,  at  Blue  Hill,  Corinna,  etc.  In  Vermont,  at  Brookfield,  Waterbury,  and  Stockbridge. 
In  Maes,^  at  Worcester  and  Sterling.  In  Conn. ,  at  Monroe,  at  Mine  Hill,  Boxbuiy.  In  Hete 
Jereeffy  at  Franklin.  In  If.  York,  massive,  in  Lewis,  Essex  Co.,  near  Edenville,  and  else- 
where in  Orange  Go. ;  in  Garmel ;  in  Kent,  Putnam  Go.  In  CaUfomia,  Nevada  Go. ,  Graea 
valley.  In  S.  America,  in  Bolivia ;  also,  nieeoUferaue  var.,  between  La  Pas  and  Yungas  in 
Bolivia  (anal,  by  Kroeber). 

LoLLiNOiTE  is  FeAsa  (=Arsenic  72*8,  iron  27'2),  and  Leucoptbitb  is  Fe^Asa  (=ArBenic 
66'b,  iron  33*2).  They  are  both  like  arsenopyrite  in  form.  Found,  the  former  at  Lolling; 
Schladming;  Satersberg,  near  Fossum,  Norway ;  the  latter  at  Beichenstein ;  Geyer  (geyerite) 
near  Hiittenberg,  Carinthia. 

Glaucodot  (Oo,Fe)S94-(Go,Fe)AB,,  with.Oo  :  Fe=2  :  1= Sulphur  19 -4.  arsenic 46 -5,  cobalt 
23 '8,  iron  11*3=100.     Form  like  arsenopyrite.     Huasco,  GhiU;   HakansbO,  Sweden. 

ALLOCLABrrs  B4(AB,Bi)7Sa,  with  B=Bi,Co,Ni,Fe,Zn.     Orawicza,  Hungary. 


BTLVANITI].    Graphic  TeUurium.    Schrifterz,  Schrift-Tellur,  Oemk 

Monoclinic.  O  =  55^  21  J',  /A /=  94^  26',  (9 A 14  =  121^  21' ;  c:b: 
d  =  1*7732  :  0*889  : 1,  Kokscharof.  Cleavage :  i-i  distinct.  Also  massive; 
imperfectly  columnar  to  granular. 

H.=r  1*5-2.  G. =7-99-8'33.  Lustre  metallic.  Streak  and  color  pure  steel- 
gray  to  silver- white,  and  sometimes  nearlj^  brass-yellow.    Fracture  unevea 

Oomp.,Var.— (Ag,Au)Tei=(if  Ag:  Au=l  :  1)  Tellurium  55*8,  gold  88*5,  silver  15 -7=1  Oft 
Anciniony  sooLetiines  replaces  part  of  the  tellurium,  and  lead  part  of  the  other  metals 
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PfTwf  «to. — In  the  open  tabe  giyes  a  white  sablimate  which  near  the  assaj  is  gray ;  when 
Iraated  with  tiie  blowpipe  flame  the  sablimate  fuses  to  clear  transparent  drops.  B.B.  on 
eharooal  fases  to  a  dark  gray  globule,  covering  the  coal  with  a  white  coating,  which  treated 
in  R.F.  disappears,  giving  a  bluish-green  color  to  the  flame ;  after  long  blowing  a  yellow, 
malleable  metallic  globule  is  obtained.  Most  varieties  give  a  faint  coating  of  the  oxides  01 
lead  and  antimony  on  charcoaL 

Obs.— Occurs  at  Offenbanya  and  Nagyag  in  Transylvania.  In  California,  Calaveras  Oa ,  at 
the  ACelones  and  Stanislaus  mines ;  Red  Cloud  mine,  Colorado. 

Named  from  Transylvania,  the  country  in  which  it  occurs,  and  in  allusion  to  ByVoanium^  one 
of  the  names  at  first  proposed  for  the  metal  tellurium.  Called  grapJdo  because  of  a  resem- 
blance in  the  arrangement  of  the  crystals  to  writing  characters. 

Schrauf  has  stat^  that,  according  to  his  measurements,  sylvanite  is  orthorTu/mhio, 

Galatkbitb  {Oenth,)  has  the  composition  AuTe4= Tellurium  55*5,  gold  44*6=100.  Has* 
phre.    Color  bronse-yellow.    Stanislaus  mine,  CaL  ;  Bed  Cloud  mine,  Colorado. 

NAQTAamL*  Bl&ttererz,  BlotterteUnr,  Oerm. 

Tetragonal.    O  A  U  =  127^  37' ;  (5  =  1-298.     (9  A 1  =  118^  87'.    Cleav- 
age: basal.     Also  graimlarly  massive,  paitieles  of 
various  sizes ;  generally  foliated.  ^^ 

H.= 1-1-5.  G. = 6'85-7"2.  Lnstre  metallic,  splen- 
dent. Streak  and  color  blackish  lead-gray.  Opaqne* 
Sectile.    Flexible  in  thin  laminse. 

Comp. — ^Uncertain,  perhaps  B(S,Te)t,  with  B=Pb,  Au  (Bamm.).  Analysis,  SchiSnlein,  Te 
80-53,  S  8-07,  Pb  60-78,  Au  911,  Ag  0-53,  Cu  0-99=100. 

Pyr.,  etc. — In  the  open  tube  gives,  near  the  assay,  a  grayish  sublimate  of  antimonate  and 
telluiate,  with  perhaps  some  sulphate  of  lead ;  farther  up  the  tube  the  sublimate  consists  of 
antimonous  oxide,  which  volatilizes  when  treated  with  the  flame,  and  teUurous  oxide,  which 
at  a  high  temperature  fuses  into  colorless  drops.  B.B.  on  charcoal  forms  two  coatings  :  one 
white  and  volatile,  consisting  of  a  mixture  of  antimonite,  teUurite,  and  sulphate  of  lead ;  and 
the  other  yellow,  less  volatile,  of  oxide  of  lead  quite  near  the  assay.  If  the  mineral  is  treated 
for  some  time  in  O.  F.  a  malleable  globule  of  gold  remains ;  this  cupelled  with  a  little  assay 
lead  asBumes  a  pure  gold  color.     Decomposed  by  nitro-hydrochloric  acid. 

Oba. — At  Nagyag  and  Offenbanya  in  Transylvania,  in  foliated  masses  and  crystalline  plates. 

Co VEL LITE  (Kupf erindig,  Oerm, ).  —Composition  CuS = Sulphur  33 '5,  copper  66 '5 = 100. 
Hexagonal  Commonly  massive.  Color  indigo-blue.  Hsuisfeld,  etc. :  Vesuvius,  on  lava ; 
GhiU. 

MKfX>NrrE  {Genih.). — A  nickel  teUuride,  formula  probably  NisTet^teUnrium  76*6,  nickel 
23'5=100.  HexagonaL  Cleavage  basal  eminent.  Color  reddish-white.  Streak  dark-gray. 
Oooors  mixed  with  other  t^Uurium  minerals  at  the  Stanislaus  mine,  CaL 


8.  TERNARY    COMPOUNDS.    Sulphaksenitbs,  SuLPHANTiMONnm, 

SuLPHOBISMUTHrfES.* 

(a)  Group  I.    Formula  R(A8,Sb)aS4=RS+(As,Sb)8Sg. 

MIARaTBITZI. 

MonocHnic  (7=  48**  14';  I^  7=  106°  31\  O  A 14  =  136°  8' ;  c :  J  :  d 
=  1-2883  :  0-9991  :  1 ,  Naumann.  Crystals  thick  tabular,  or  stout,  or  short 
prismatic,  pyramidal.  Lateral  planes  deeply  striated.  Cleavage :  i-i,  l-i 
iinpei-fect. 

*  The  species  of  this  group  contain  as  bases  chiefly  copper,  lead,  and  silver.  They  can  bo 
moift  readily  distinguished  by  their  behavior  before  the  blowpipe.  Attention  may  be  called 
to  tiie  group  of  lead  sulphantimonites,  ^nkentte^  jdagionite,  {jametonite)  bovlangeiite^  tnene' 
'/hinite,  geoenmi'e.  for  which  the  pyrognostios  are  neazly  sixnilar,  and  wMch  are  most  sureli 
''Anguished  by  their  specific  gravity. 
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II.r:2-2*5.  G.=:5*2-5*4.  Lustre  sabmetallic-adamantine.  Color  iron 
black.  Streak  dai'k  cherry-red.  Opaque,  except  in  tliin  Bplinters^  wiich, 
by  transmitted  light,  ai-e  deep  blood-red.     Fi-acture  subconchoidaL 

Oomp — ^AgSbSa  (or  Ag3S+Sba8i)=STilphnr  21-8,  antimony  41-5,  silyer  86*7=100. 

Pyr.,  etc. — ^In  the  dosed  tabe  decrepitates,  fuses  easily,  and  gives  a  sablimate  of  antimoniy 
sulphide ;  in  the  open  tube  sulphurous  and  antimonoue  fumes,  the  latter  as  a  white  sublimate. 
B.B.  on  charcoal  fuses  quietly,  with  emission  of  sulphur  and  antimony  fumes,  to  a  gray  bead, 
which  after  continued  treatment  in  O.F.  leaves  a  bnght  globule  of  silver.  If  t\w  sUver  globulo 
be  treated  with  phosphorus  salt  in  O.F. ,  the  green  glass  thus  obtained  shows uncea  of  ooppet 
when  fused  with  tin  in  B.F. 

Decomposed  by  nitric  add,  with  separation  of  sulphur  and  ontimonous  oxide. 

Obs.— At  Braiinsdorf ,  near  Freiberg  in  Saxony  ;  Felsobanya  {kenngotUte) ;  Przibram  in 
Bohemia ;  Clausthal  {hypargyriU)  \  Guadalajara  in  Spain ;  at  Parenos,  and  the  mine  StiL  M. 
de  Oatoroe,  near  Potosi;  also  at  Molinares,  Mexico. 

SARTORim.     SCLEBOCLABB. 

Orthorhombic.     /A  /=  123*^  21',  (9  A  1-i  =  131°  3' ;  c :  Z  :  rf  =  1-1483  : 

1'8553  : 1.   Crystals  Blender.   Cleavage: 
447  O  quite  distinct. 

H.=3.  G.=5'393.  Lustre  metallic. 
Color  dark  lead-gi-ay.  Streak  reddish- 
brown.     Opaque.    J&rittle. 

Oomp.— PbAB,S4(PbS+A8«Ss)=Snlpliar  26*i| 
arsenic  80  0,  lead.  42-7 =100. 

Pyr.,  etc — Nearly  the  same  as  for  dnfren<7- 

site  (q.  v.),  but  differing  in  strong  decrepitation. 

Obs.~From  the  Binnen  valley  with  dufrenoy- 

site  and  binnite.     As  the  name  Sderodase  ii 

inapplicable,    and    the   mineral   was    first   an- 

nounoed  by  Sartorius  ▼.  Waltezshausen,  the  spedes  may  be  appropriately  caUed  SartoriU. 

It  is  the  hirmiU  of  Heusser. 


Orthorhombic.  I/\  /=  120®  39',  Bose.  Usual  in  twins,  as  hexagonal 
prisms,  with  a  low  hexagonal  pyramid  at  summit.  Lateral  faces  longitudi- 
nally striated.  Sometimes  columnar,  fibi*ous,  or  massive.  Cleavage  not 
distinct. 

IL=3-3'5.  G.=5-30-5'36.  Lustre  metallic.  Color  and  streak  steeV 
gray.     Opaque.    Fracture  slightly  uneven. 

Oomp^— PbSbfSi  (or  PbS+Sb9Si)= Sulphur  22*1,  antimony  42*2,  lead  85-7=100. 

P3rr.,  etc. — Decrepitates  and  fuses  very  easily  ;  in  the  dosed  tube  gives  a  faint  sablimate 
of  imlphur  and  antimonous  sulphide ;  in  the  open  tube  sulphurous  fumes  and  a  white  subli- 
mate of  oxide  of  antimony.  B.B.  on  charcoal  is  almost  entirely  volatilised,  giving  a  ooating 
which  on  the  outer  edge  is  white,  and  near  the  assay  dark-yellow;  with  soda  in  R.F.  yidds 
globules  of  lead. 

Soluble  in  hot  hydroddoric  add  with  evolution  of  sulphuretted  hydrogen  and  separation  of 
lead  chloride  on  cooling. 

Besembles  stibnite  and  boumonite,  but  may  be  distinguished  by  its  superior  hardness  and 
specific  gravity. 

Obs.--0ccurs  at  Wolfsberg  in  the  Hars. 

CuALCOSTiBiTE  (Kupferantlmonglanz,  Oerm.), — Oompodtion  GaSbS«  (or  OutS  f  SbtSa)^ 
Bolphnr  25*7,  antimony  ^-9,  copper  25*4.  Odor  lead-gray  to  iron-gray.  Wolfsbeig  m  Ilia 
Han. 

EMFLBcrrrB  (Kupferwismuthglanx,  G^tfrm.).— Oompodtion  GuBiS«  (or  Ca9S+BiaSt)=rBiil« 
phvr  19*1,  bismuth  62*0,  copper  18'0=100.  Odor  grayish  to  tin-white.  Schwarzenbemi 
9czony;  Copiapo,  ChilL 
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BERTRnoiiTB.— Oompontion  approximately  FeSbsSi  (orFeS+SbaSa)=SalFl»iz80'0,  anti- 
moDj  57*0,  iron  13*0=100.  Color  dark  steel-gray.  AuTezgne;  Braonadorf,  Saxony;  Com 
mJl,  etc. ;  Ban  Antonio,  GaL 

(})  Sub-Gboup.    Formula  E8(AB,Sb,Bi)4S9=3RS+2(A8,Sb,Bi)jS,. 

Plaoionitb.— Gompomtion  (Bose)  PbiSbeSu  (or  4PbS+dSbaS9)=:Salphar  21*1,  antimony 
S7'0,  lead  41  9.     Monoolinic.    G.  =5 '4.     Found  at  Wolf sberg  in  the  Harz. 

JOBDANiTfi  (v.  Bath).— Composition  PbtAs4S9  (or  dPbS+2AssSf)= Sulphur  28*8.  arsenio 
84*8,  lead  51-4.  Ortiiiorhombio.  Besembles  sartorite,  but  distinguished  by  its  black  streak, 
its  nz-sided  twins,  and  by  not  decrepitating  B.B.    Binnenthal,  Switzerland. 

BoraxT^ — ^Composition  probably  Cu«As4Sb  (or  3CusS+2As3Sf)=Sulphur  29*7,  arsenic  81 '0, 
copper  39*8=100.  Isometric.  Streak  cherry-red.  Binnenthal  in  dolomite  {dufrenoysUe  ol 
T.  Walterahauaen). 

Klafrotholitb  (Petersen). — Composition  CnsBi4Sb9  (or  8CuflS+2BisSs).  Ortborhombus. 
Cleavage  i-\  distinct.    Color  steel-gray.     G.  =4*6.     Wittichen,  Baden. 

BCHIBM£RITE  (&m(A).— Composition  BsBi4S9  (or  8BS+2Bi,St),  with  B=Ags  :  Pb=2  :  1. 
This  requires  sulphur  16*4,  bismuth  47  8,  silver  24 '5,  lead  11 '8=100.  Masnye,  disseminated 
in  quarts.    Color  lead-gray.    Bed  Cloud  mine,  Colorado. 


{c)  Gboup  IL    Formula  Ea(Sb,AB)8S5=2RS  +  (Sb,AB)aS,. 

JTABHSSOMITJJ.    Federerz,  Germ, 

Ortborhombic.  /A  /=  101^  20'  and  78^  40'.  Cleavage  basal,  highly 
perfect;  /and  i-i  less  perfect.  Usually  in  acicular  crystals.  Also  fibrous 
massive,  parallel  or  divergent ;  also  in  capillary  forms ;  also  amorphous 
massive. 

H.=2-3.     G.=5'5-6'8.    Color  steel-gray  to  dark  lead-gray.     Streak 

gray- 

Comp.— Pb,Sb«S.  (or  2PbS-|-Sb«Ss) ;  more  strictly  2PbS=2  (or  Pb,Fe)S.  If  Pe  :  Pb=l  : 
4,  Sulphur  21*1,  antimony  82-2,  lead  48*7,  iron  30=100.  Small  quantities  of  sine,  bis^ 
muth,  silver,  and  copper  are  also  sometimes  present. 

Pyr^ — Same  as  for  sinkenite. 

IXfL — Distinguished  from  other  related  spedes  by  its  perfect  basal  deavage. 

Obs. — Jatneeonite  occurs  prindpally  in  Cornwall,  in  Siberia,  Hungary,  at  Valentia,  d'Alcan* 
tara  in  Spain,  and  Brazil. 

Thefeath^  ore  occurs  at  Wolfsberg  in  the  Eastern  Harz ;  also  at  Andreasberg  and  Glaus* 
Uud ;  at  Freiberg  and  Sohomnits ;  at  Pfaffenbeig  and  Meiseberg ;  in  Tuscany,  near  Bottino ; 
■it  Chonta  In  Peru. 
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BUFRENOTSim. 

Orthorhombic.     /A  7=  93^  89',  (9  A 14  =  121*  ZO\iil\d  =  1-6318  : 
1*0658  : 1.     Usual  in  thick  rectan- 
gular tables.    Cleavage:  0  perfect. 
Also  massive. 

H.=3.  G.= 5-549-5 -569.  Lustre 
metallic.  Color  blackish  lead-gray. 
Streak  reddish-brown.  Opaque.  Brit- 
Ue. 

Oom]>.>-PbsAB,S»  (or  2PbS+2AsiSi)= Sul- 
phur 22*10,  arsenio 2072,  lead 57*18=100. 

Pjrr.,  etc. — Easily  fuses  and  gives  a  subli- 
■ste  of  sulphur  and  axsenous  sulphide;  in 
4ie  open  tube  a  smdl  of  sulphur  on]y»  with  a  subUmaie  of  sulphur  in  upper  part  of  tube,  and 
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of  axBenoiu  oxide  below.  On  charooa!  decrepitates,  xneltE,  yields  fames  of  aaenic  sod  • 
globule  of  lead,  whicb  on  cnpellation  yields  silver. 

Obs. — From  the  Binnenthal  in  the  Alps,  in  dystalline  dolomite,  along  with  sartoxite,  Jordan* 
ite,  binnite,  etc. 

Damonr,  who  first  stndied  the  arsenio-snlphides  of  the  Binnenthal,  analyzed  the  massiTS 
ore  and  named  it  dufreiuynite.  He  inferred  that  the  crystallization  was  isometrio  from  some 
associated  crystals,  and  so  published  it.  This  led  yon  Waltershausen  and  Heusser  to  call  the 
isometric  mineral  dufrenoysite,  and  the  latter  to  na.ne  the  orthorhombic  species  hiMiiJU,  Voii 
Woltershauseni  after  studying  the  prismatic  mineral,  made  out  of  the  species  arMMmidan  and 
Bekroclase,  yet  partly  on  hypothetical  grounds.  Recently  it  has  been  found  that  three  ortho- 
rhombic  minerals  ojdst  at  the  locality,  as  announced  by  vom  Bath,  who  identifies  one,  by  sped* 
fto  gravity  and  composition,  with  Damour^s  dufrenoynU;  another  he  makes  sd^rodase  of  von 
Waltershausen  (sartorite,  p.  250)  ;  and  the  other  he  names  jordaTiite  (p.  251).  The  isomefzic 
mineral  was  called  binnUe  by  DesCloiaeauz. 


FfiSrSSIiBBBNITB.    Sohilfglasen,  Qemu 

MonocHnic.    O  =  87° 46',  /a 7=  119°  12',  0  Al4  =  137°  10'  (B. & M.); 

cih:d=z  1-5802  : 1-7032  : 1.        O  A  1-i  =  123°    55'. 
449  Pj'isms  longitudinally  striated.     Cleavage :  /  perfect 

H.= 2-2-5.  G.= 6-0-4.  Lustre  metallic.  Color  and 
streak  light  steel-gray,  inclining  to  silver-white,  also 
blackish  lead-grav.  Yields  easily  to  the  knife,  and  ifi 
rather  brittle.     Fracture  subconchoidal — uneven. 

Oomp — Pb,Ag,SbaS»,  Eamm.  (or  7ESH-8SbaS,,  with7TlS=4Pb8 
H-3AgaS)=:  Sulphur  18'8,  antimony  269,  lead  80-5,  sUver  23  •8=10a 
Pyr. — In  the  open  tube  gives  sulphurous  and  antimonial  fumes, 
the  latter  condensing  as  a  white  sublimate.  B.  B.  on  charcoal  fuses 
easily,  giving  a  coating  on  the  outer  edge  white,  from  antimonoiu 
oxide,  and  near  the  -  assay  yellow,  from  oxide  of  lead ;  continued 
blowing  leaves  a  globule  of  silver. 

Obs. — Occurs  at  Freiberg  in  Saxony  and  Eapnik  in  Transylvania;  at 
Batieborzitz ;  atPrzibram ;  at  Fclsbbanya;  atHiendelencinainSpain. 
According  to  v.  Zepharovich,  the  mineral  from  Przibram  aiid 
Braunsdorf,  and  part  of  that  from  Freiberg,  while  identical  in  composition  with  freies- 
lebenite,  has  an  orthorftombio  form.     It  is  called  by  him  DiAFHoarrE. 

BBONGNiARDrrE. —Composition  AgaPbSbaS.  (or  PbS+Ag.jS+SbsS,)=Sulphur  19-4.  anti- 
mony 20'5,  silver  26*1,  lead  250=100.  Isometrio ;  in  octahedrons,  also  massive.  Color  giay- 
iah-black.    Mexico. 

CoSALiTa  (G'^nM).— Composition  PbaBisSs  (or  2PbS+BigSa)= Sulphur  lOl,  bismuth  42*2, 
lead  41*7=100.  Color  lead-gray.  Soft  and  brittle.  Cosala,  Sinaloa,  Mexico.  Identical 
(Frenzel)  with  Hermann's  reUbanyite, 

PTRosTiLPNrrii  (Feuerblende,  Germ.). — In  delicate  crystals;  color  hyacinth-red.  Con- 
tains 62  3  p.  c.  silver,  also  sulphur  and  antimony.     Freiberg ;  Andxeaabeig;  Przibram. 

BiTTiNGBBiTB. — Li  minute  tabular  crystals.  Color  bla^  Streak  orange-yellow.  Con* 
tains  sulphur,  antimony,  and  silver.    Joaohimsthal 


'  (d)  Gboup  IlL    Formula  E8(A8,Sb>,Se= BUS  .f(As,Sb)8S8. 


PTHARaTRITE.    Baby  BUver.    Dark  Bed  Bflver  Ore.    Dnnkles  BothgEUtigen,  9cm. 

Ehombohedral.  Opposite  extremities  of  crystals  of  ten  unlike.  i?A5 
=  108°  42'  (B.  &  M.) ;  OAli  =  137°  42' ;  c  =  0-788.  (9  A  1»  =  112°  33', 
Oa1'  =  100°  14',    ffAi  =  144°   2V.    Cleavage:    li   rather   imperfect 
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Twins:  corapoBition-face— i;  O  or  basal  plane,  as  in  f.  290,  p.  95;   also 
li  and    /.    Also  massive,   strnctnre 
granalar,  sometimes  impalpable. 

H.=2-2-5.  G.=5-7-5'9.  Lustre 
metallic-adamantine.  Color  black, 
Bometimes  approaching  cochineal-red. 
Streak  cochineal-red.  Translucent — 
opaque.     Fracture  conchoidal. 


i2 


12 


n 


n 


n 


Ocmp.  —  AgsSbS,  (or  8Ag,S-hSb,S«)=Sul- 
phtir  17-7,  antimony  22-5,  silver  59-8=100. 

Pyr.,  etc. — La  the  closed  tabe  fuses  and  gives 
a  reddish  sablimate  of  antimonons  sulphide ; 

in  the  open  tube  solphnrons  fumes  and  a  white  sublimate  of  antimonous  oxide.  B.  B.  on 
chaiooal  fuses  with  spirting  to  a  globule,  g^ves  off  antimonous  sulphide,  coats  the  coal  white, 
and  the  assay  is  oonverted  into  silver  sulphide,  which,  treated  in  O.F.,  or  with  soda  in  R.F., 
gives  a  globule  of  fine  silver.  In  case  arsenic  is  present  it  may  be  detected  by  fusing  the 
pulverized  mineral  with  soda  on  charcoal  in  R  F. 

Decomposed  by  nitric  acid  with  separation  of  sulphur  and  antimonous  oxide. 

Obs. — OccuiB  principally  with  caldte,  native  arsenic  and  galenite,  at  Andreasberg ;  also  In 
Sazouy,  Hungary,  Norway,  at  Gkudalcanal  in  Spain,  and  in  ComwolL  In  Mexico  abundant. 
In  ChiU ;  in  Nevada,  at  Washoe  in  Daney  Mine ;  abundant  about  Austin,  Beese  river ;  at 
Poor  Man  lode,  Idaho. 


PROX78TITS.    Light  Bed  Silver  Ore.    liohtes  BothgOltigerz,  Oerm. 


Khombohedral.  HaJS-  107°  48',  OaR-  IZT  9' ;  ^  =  0-78508. 
Also  granular  massive. 

II.=2-2*5.     6.=5'422-5'56.     Lustre  adamantine.     Color  cochineal-red. 
Streak  cochineal-red,  sometimes  inclined  to  aurora-red.     Subtrausparent- 
Bnbtranslucent.    Fracture  conchoidal — uneven. 

Oomp.-AgtAsSi  (or  dAgaS+AsaSt)=Sulphur  19*4,  arsenic  15*1,  silver  65-6=100. 

P3rr.,  e^xi. — In  the  closed  tube  fuses  easily,  and  gives  a  faint  sublimate  of  arsenous  sulphide ; 
in  the  open  tube  sulphurous  fumes  and  a  white  crystalline  sublimate  of  arsenous  oxide.  B.B. 
on  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic ;  by  prolonged  heating  in  O.F.,  oi 
with  soda  in  B.F.,  gives  a  globule  of  pure  silver.     Some  varieties  contain  antimony. 

Decomposed  by  nitric  add,  with  separation  of  sulphur  and  arsenous  oxide. 

Obi. — Occurs  at  Freiberg  and  elsewhere  in  Saxony  *  at  Joachimsthal :  Wolfach  in  Baden ; 
Chalanches  in  Dauphin^ ;  Guadalcanal  in  Spain ;  in  Mexico :  Peru ;  Chili,  at  Chanardllo,  in 
magnificent  crystids.  In  Nevada,  in  the  Daney  mine,  and  in  Comstock  lode,  but  rare ;  in 
veins  about  Austin,  Lander  Go. ;  in  microscopic  crystals  in  Cabairus  Co.,  N.  C,  at  the 
McMakin  mine  ;  in  Idaho,  at  the  Poor  Man  lode. 


BOURNONI^S.    Badelers,  ^0fm.  (='Wheel  Ore). 

Orthorhombic.  /A  /=  93^ 40',  (9  A 1-5  =  136^  17'  (Milleri ;  c  3  :  dE  =s 
m618  : 1-0662  : 1.  (?  A 1-2  =  133°  26',  (9  A 1  =  127°  20',  O  A 14  =  13S* 
6'.  Gleava^ :  i-i  imperfect ;  i-i  and  O  less  distinct.  Twins :  twinninjf- 
plane  face  /  /  crystals  often  cruciform  (f.  453),  crossing  at  angles  of  9^^ 
40'  and  86°  20' ;  hence,  also,  cog-wheel  shaped.  Also  massive  ;  granular, 
oompact. 
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j>E8osirTrvs  hinxbalogt. 


H, = 2'5-8.  G. = 6*7-5*9.  Lustre  metallic.  Color  and  streak  steol-gray, 
inclining  to  blackish  lead-gray  or  iron-black.  Opaque.  Fracture  cod< 
choidal  or  uneven.    Brittle. 


453 
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Oomp.,  Var.— ^aPbSbSa  Bamm.  (or  8BS+SbaSa,  with3BS=2PbS+OaiS)=Siilphur  IS^e, 
Kntimoiiy  250,  lead  42*4,  copper  18-0=100. 

P3rr.,  etc. — In  the  closed  tube  decrepitates,  and  giyes  a  dark-red  sablimate.  In  the  open 
iabe  g^ves  snlpharonB  oxide,  and  a  white  sublimate  of  antimonous  oxide.  B.B.  on  charooal 
fuses  easiJj,  and  at  first  coats  the  ooal  white,  from  antimonous  oxide ;  contiuued  blowing 
gives  a  yellow  coaling  of  lead  oxide;  tJbe  residue,  treated  with  soda  in  B.F. ,  gives  a  globule 
of  copper. 

Decomposed  by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and 
a  white  powder  containing  antim  my  and  lead. 

Obs.— Occurs  in  the  Hurz;  atlkapnikin  Transylvaziia ;  at  Servoz  in  Piedmont:  Bi&uu* 
dorf  and  Gersdorf  in  Saxony,  Olaa  in  Corinthia,  etc. ;  in  Gomwall ;  in  Mexico ;  at  Hnaaoo- 
^to  in  Chili ;  at  Machacamarca  in  Bolivia ;  in  Peru. 

Sttlottfitb. — An  iron-silver-copper  boumonite ;  Oopiapo,  Chili 


BOULANGBRITB. 


In  plumose  masses,  exhibiting  in  the  fracture  a  crystalline  structure ; 
also  granular  and  compact. 

H.=2-5-3.  G.=5.75-6-0.  Lustre  metallic.  Color  bluish  lead-gray; 
often  covered  with  yellow  spots  from  oxidation. 


Oomp.-~Pb8Sb3S6  (or  8PbS-+Sb3Ss)= Sulphur  18*2,  antimony  28*1,  lead  58*7=100. 

Pyr. — Same  as  for  zinkenite. 

Obs. — Quite  abundant  at  Moli^res,  department  of  Gard,  in  France ;  also  found  at  NasaQeld 
In  Lapland ;  at  Nertschinsk :  Ober-Lahr  in  Sayn-Altenkirchen ;  Wolfaberg  in  the  Haiz;  near 
Bottino  in  Tuscany. 

Epiboulangeritb. — ^Probably  a  decomposition  product  of  boulangerite  (Websky)  ;  it  con- 
iains  more  sulphur  and  less  antimony.    Altenberg,  Silesia. 

WiTTicnEniTB.— Composition  CuaBiSs  (or  SCuaS-4-BiaSf)=  Sulphur  19'4,  bismuth  42.1, 
copper  88 '5 =100.     Color  steel-gray.    Wittichen,  Baden. 

KoBELLrrE.— PbsBiSbSe  (or  3PbS+(Bi,Sb)aSi)  Bamm. =Sulphur  16*8,  antimony  107.  bii- 
muth  18*2,  lead  54 '8=:  100.     Color  lead-gray  to  steel-gray.     Hvena,  Sweden. 

AncmiTE  (NadUerz,  (?tfrm.).— CuPbBiS,  (or  Cu3S-h2PbS-f-Bi,Sf)= Sulphur  167,  biftnoth 
86*2,  lead  86  0,  copper  111=100.  In  acicular  crystals,  also  massive.  Color  Uaokish  lead 
gray.     Bereso£  Urals  ;  Qokd  Bill,  North  Carolina. 
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{e)  Gboup  IV.    Formula  E4(A8,Sb,Bi)8S7=4R8  +  (AB,Sb,Bi)2Ss. 


TETRAHEDRITE.*  Giay  Copper  Ore.    Fahlerz ;  Antimon-  and  Qneokfdlberfahlerz,  Oem 

Isometric ;  tetrahedral.  Twins :  twinning-plaiie  octahedral,  producing, 
when  the  compoeition  is  repeated,  the  form  in  f.  456.  Also  massive ;  gran 
olar,  coarse,  or  fine ;  compact  or  crypto-crystalline. 


454 
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456 


n.=:3-4-5.  G.=4-5-5-56.  Lustre  metallic.  Color  between  light  flint- 
graj  and  iron-black.  Streak  generally  same  as  the  color;  sometimes 
inclined  to  brown  and  cherry-red.  Opaque  ;  sometimes  subtrauslncent  in 
very  thin  splinters,  transmittxsd  color  cherry-red.  Fracture  subconchoidal 
— nueven.     Rather  brittle. 

Oomp.,  Var.— CujSbaS,  (or  4CaaS+SbaS,),  with  part  of  the  copper  (On,)  often  replaced  by 
iron  (Fe),  zinc  (Zn),  silver  (Apr«),  or  quicksilver  (Hg),  and  rarely  cobalt  (Co),  and  part  of  the 
antimony  by  arsenic,  and  rarely  bismuth.  Ratio  Aga+Cua  :  Zn+Fe  generally  =2  :  1.  There 
are  thus : 

A.  An  antimonial  eeries;  B.  An  arsenio-antlmonial  series:  0.  A  bismuthio  arsenio-anti- 
monial ;  besides  an  arsenical^  in  which  arsenic  replaces  all  the  antimony,  and  which  is  made 
bto  a  distinct  species  named  tennnrUite, 

Var.  1.  Ordinary,  Containing  little  or  no  silver.  Color  steel-gray  to  dark-gray. 

2.  Argmtiferoug  ;  Freibergite.    Light  steel-gray,  sometimes  iron-black. 

8.  Mereuriferous  ;  SctimaUUe.     Color  gray  to  iron-black. 

The  following  analyses  will  serve  as  examples  of  these  varieties : 

S         Sb        As        Cu       Fe       Zn      Ag 
iD  Mttsen         25*46    1915    4*93    89  88    8-48    850    060 Ni Col •64=98  59 Rammelsbeig. 

(2)  Meiseberg    24  80    2556    80*47    8*52    8 '39  10.48  Pb  0-78= 100 -00  ** 

(8)  Kotterbach  22  53    19-84    2-94    85*34    087    069    Hg  17  27,  Pb  0*21  Bi  0  81=100 

V.  Rath. 

Pjrr.,  ©ts.— DifTer  in  the  different  varieties.  In  the  dosed  tube  all  fuse  and  give  a  dark- 
rsd  sublimate  of  antimonous  sulphide  ;  when  containing  mercury,  a  faint  dark-gray  sublimate 
appears  at  a  low  red  heat ;  aad  if  much  arsenic,  a  sublimate  of  arsenous  sulphide  firsu  forms. 
In  the  open  tube  fuses,  gives  sulphurous  fumes  and  a  white  sublimate  of  antimony ;  if 
arsenic  is  present  a  crystalline  volatile  sublimate  condenses  with  the  antimony;  if  the 
ore  contains  mercury  it  condenses  in  the  tube  in  minute  metallic  globules.  ^  B.  B.  on  charcoal 
fnses.  gives  a  coating  of  antimonous  oxide  and  sometimes  arsenous  acid,  zinc  oxide,  and  lead 
oxide ;  the  arsenic  may  be  detected  by  the  odor  when  the  coating  is  treated  in  B.F. ;  the 
line  oxide  assumes  a  green  color  when  heated  with  cobalt  solution.  The  roasted  mineral 
gives  with  the  fluxes  reactions  for  iron  and  oopper ;  with  soda  yields  a  globule  of  metallio 
oopper.  To  determine  the  presence  of  a  trace  of  arsenic  by  the  odor,  it  is  ^leBt  to  fuse  the 
aineral  on  ohazooal  with  soda.     The  presfsuse  of  meroory  is  best  aaoertained  by  fining  the 
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pulverized  ore  in  a  closed  tube  with  about  three  times  its  weight  of  dry  soda,  the  mota) 
sabliiniiig  and  coDdensing  in  minute  globules.     The  silver  is  determined  by  cupellation. 

Decomposed  by  nitrio  acid,  with  separation  of  sulphur,  and  antimonous  and  arsenous  oxides. 

Ob8.->The  Cornish  mines,  near  St.  Aust  ;  at  Andreasberg  and  Glausthal  in  the  Han; 
Eremnitz  in  Hungary ;  Freiberg  in  Saxony ;  Przibram  in  Bohemia ;  Eahl  in  Spessart ;  Eap- 
nik  in  Transylvania ;  Dillenburg  in  Nassau  ;  and  other  localities.  The  ore  containing  mer- 
cury occurs  in  Schmolnitz,  Hungary ;  at  Schwaiz  in  the  Tyrol ;  and  in  the  valleys  of  Angina 
and  Gostello  in  Tuscany. 

Found  in  Mexico,  at  Durango,  etc. ;  at  various  mines  in  Chili ;  in  Bolivia ;  at  the  Kellogg 
mines,  Arkansas  ;  at  Newburyport,  Mass.  In  California  in  Maripoea  Co. ;  in  Shasta  Co.  in 
Nevada,  abundant  at  the  Sheba  and  De  Soto  mines,  Humboldt  Co. ;  near  Aastin  in  Lander 
Co. ;  in  Arizona  at  the  Helntzelman  mine,  containing  1^  p.  c  of  silver :  at  the  Sana  Rita  mine. 

RiONiTB  {BrauTu), — ^A  bismuth  tetrahedrite  from  Cremenz,  Einfiscnthal,  Switzerland. 

MALnvowsKiTE. — A  tetrahedrite  containing  9-13  p.  c.  lead,  and  10-13  p.  a  silver.  District 
of  Boouay,  Peru.     (5th  Appends  Min.   Chili.) 


TSNNANTITB.*  Graukupfererz,  Oerm. 

Isometric ;  holohedral,  Phillips.  .  Cleavage :,  dodecahcdral  imperfect 
Twins  as  in  tetrahedrite.    Massive  forms  unknown. 

H.=3-5-4,  G.=4:-37-4-53.  Lustre  metallic.  Color  blackish  lead-gray 
to  iron-black.    Streak  dark  reddish-gray.    Fracture  uneven. 

Oomp. — CueAsaSt  (or  iCuaS+AssSi),  with  Cua  replaced  in  part  by  Fe,  Ags,  etc.,  as  in  tetn- 
hedrite,  with  which  it  agrees  in  crystalline  form. 

Pyr. — In  the  closed  tube  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube  givei 
sulphurous  fames,  and  a  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  fuses  with  intumes- 
cence and  emission  of  arsenic  and  sulphur  fumes  to  a  dark-gray  magnetic  globnle.  The 
toasted  mineral  g^ves  reactions  for  copper  and  iron  with  the  fluxes;  with  soda  on  charoosl 
gives  metallic  copper  with  iron. 

Obs. — Found  in  the  Cornish  mines.    Also  at  Skutterud  in  Norway,  and  in  Algeria. 

JuLiANrrE  (Websky)  is  near  tennantite.    G.  =5'12.    Bndelstadt,  Silesia. 

Meneguinite  has  the  composition  Pb4SbQS7(4FbS+ Sb^S a) = Sulphur  17*3,  antimony  16-8, 
lead  63-9=100.    Resembles  boulangerite.    Bottino,  Tuscany  ;  Schwarzenberg,  Saxony. 


(/)  Group  V.    Formula  EB(As,Sb)8S8=5RS+(As,Sb),Sa. 


STBPHANITB.    Sprodglaserz,  Oerm, 

Orthorhombic.    7  A  /  =  115°  39',  (9  A  1-i  =  132°  82^' ;  6:l:d  =  l-089'i 

:  1-5844  : 1.  (?  A 1  =  127°  51',  (9  A 14  =  145°  34.  Cleav- 
age:  2-i  and  i4  imperfect.  Twins:  twinning- plane  /; 
forms  like  those  of  aragonite  frequent.  Also  massive, 
compact,  and  disseminated. 

lL=2-2-5.      G.=6-269,  Przibram.      Lustre  metallic 
Color  and  streak  iron-black.    Fracture  uneven. 
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Oomp.— AgsSbSi  (or  5Ag3S+SbaBa)=Sulphur  16 '2,  antimony  15*3, 
silver  68-5=100. 

Pyr.  —In  the  closed  tube  decrepitates,  fuses,  and  after  long  hea^ 

gives  a  faint  sublimate  of  antimonous  sulphide.     In  the  open  tube  fnseB, 

giving  off  antimonial  fumes  and  sulphurous  oxide.     B.B.  on  charcoal 

fuses  with  projection  of  smaU  paxticdes,  coats  the  coal  with  antimonoaf 

(ndde,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and  a  globule  of  metallif 

silver  is  obtained. 

BdLable  in  dilute  heated  nitrio  add,  sulphor  and  oxide  of  antimony  being  deposited. 
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Ob  J^-At  Fxeib«ig  and  ebewhere  in  Saxony ;  at  Pnibram  in  Bohemia ;  in  HnngaTy ;  at 
Andreasberg' ;  at  Zacateoas  in  Mexioo ;  and  in  Pern.  In  Nevada,  an  abundant  sUver  ore  in 
the  Gomstock  lode ;  at  Ophir  and  Mezioan  mines  in  fine  oryatalB ;  in  the  Seese  river  and 
Hamboldt  and  other  regions.     In  Idaho,  at  the  silver  mines. 

Gbocbonite.— Composition  FbtSbjAe  (or  5FbS+SbsSi)= Sulphur  16*7,  antimony  15'9,  lead 
67*4=100  (also  oontains  a  little  arsenic).  Color  light  lead-gray.  8a^  Sweden ;  Merido, 
Soain ;  Val  di  Castello,  Tuscany. 


POLTBA8ITS. 


Orthorhombic,  DesOl.  I^  I  nearly  120^,  (?  A 1  =  121*'  80'.  OryBtals 
Dsnally  short  tabular  priBms,  with  tlie  bases  triangularly  striated  parallel 
to  alternate  edges.  Cleavage:  basal  impei*fect  Also  massive  and  dis- 
seminated. 

H.=2-3.  G.=6'214.  Lustre  metallic  Color  iron-black ;  in  thin  crys- 
tttls  cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque  except 
when  quite  thin.    Fracture  uneven. 

Oompd — ^AgsSbSs  (or  9AgaS+SbsS)),  if  containing  silver  without  ooijper  or  arsenic,  Sulphur 
14*8,  antimony  9*7,  silver  95  5=100.  But  with  Ags  replaced  in  part  by  Cus  (ratio  Ag  :  Cu= 
1 :  4  to  1  :  11),  and  Sb  replaced  by  As  (ratio  1  :  1,  etc.). 

Pyr.,  etc. — In  the  open  tube  fuses,  gives  sulphurous  and  antimonial  fumes,  the  latter 
forming  a  white  sublimate,  sometimes  mixed  with  crystalline  arsenous  oxide.  B.B.  fuses 
with  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  coal  with  anti- 
monous  oxide ;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish- white  coat- 
ing of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for  copper, 
aud  cupeUed  with  lead  gives  pure  silver. 

Decomposed  by  nitric  acid. 

Obs. — Occurs  in  Mexico ;  at  Tree  Puntos,  Chili ;  at  Freiberg  and  Przibram.  In  Nevada, 
hx,  the  Reese  mines ;  in  Idaho,  at  the  sUver  mines  of  the  Owhyhee  district. 

PoLTABOTBiTB.— Isometric  Cleavage  cubic.  Malleable.  Comp.  12AgsS+SbsSf  Wol- 
Caoh,  Baden. 


BNAROITB. 


Orthorhombic.  /A  7  =  97°  63',  (?  A  1-t  =  136°  37'  (Dauber) ;  ^  :  ?  :  df  = 
0-94510  :  ri480  : 1.  O  A  l-«  =  140**  20',  (9  A 1  =  128°  35'.  Cleavage :  / 
perfect ;  i-i,  irl  distinct ;  0  indistinct.    Also  massive,  granular  or  columnar. 

E.=3.  G.=4-43-4*45;  4-362,  Kemigott.  Lustre  metallic.  Color  gray- 
ish to  iron-black ;  streak  grayish-black,  powder  having  a  metallic  lustre. 
Brittle.    Fracture  uneven. 

Oomp. — CusAsS4=HulphuT  82*5,  arsenic  10*1,  oopper  48*4=100,  usuaUy  oontaining  also  a 
little  antimony,  and  lino,  and  sometimes  sUver. 

Pyr. — In  the  olose«l  tube  decrepitates,  and  gives  a  sublimate  of  sulphur ;  at  a  higher  tem- 
perature fuses,  and  gives  a  subUmate  of  arsenous  sulphide.  In  the  open  tube,  heated  gently, 
the  powdered  mineral  gives  off  sulphurous  and  arsenous  oxides,  the  latter  condensing  to  a 
nblimate  oontaining  some  antimonous  oxide.  B.  B.  on  charooal  fuses,  and  gives  a  faint  ooat- 
tog  of  arsenous  oxide,  antimonous  oxide,  and  sine  oxide ;  the  roasted  minenU  with  the  fluxci 
fires  a  globule  of  metallic  copper. 

Solable  in  nitro-hydroohlorio  aoid. 
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Obt. — ^From  Morooocha,  Ck>idillera8  of  Pern ;  Famatina  Mta.,  Azgentine  Bepublic;  froBi 
Ohili;  mines  of  Santa  Anna,  N.  Qnmada ;  at  Oofiihuiiaohi  in  Mexico ;  Brewster's  gold  mine, 
Chesterfield  district,  S.  Carolina ;  in  Colorado ;  at  Willis's  Golch,  near  Black  Hawk :  soathezn 
Utah ;  Morning  Star  mine,  Cal. 

Famatinitb  {taefener). — An  antimonial  enaigite.  Massiye.  Color  reddish  gray.  Fama* 
tina  Mts. ,  Argentine  Bepublio ;  Cerro  de  Pasca,  Pern. 

Luzon  ITS. — Similar  to  enargite  in  composition,  but  unlike  inform,  according  to  Weisbacb 
Mancayon  Island,  Lnzon. 

Clakitb  (Sandberger). — Also  similar  to  enargite  in  composition,  but  in  form  monodmic, 
and  having  a  perfect  cleavage  parallel  to  the  dinopinacoid.     Sohapbaoh,  Black  Forest 

Efigbnitb.— Comi>osition  S  82-24,  As  12*78,  Cu  40  68,  Fe  14*20=100.  Orthorhombts 
Color  steel-gnj.    Nenglilok  mine,  WittidhezL 


I 


aatpovsna  of  orlobd^x,  euomhib,  ioddtb, 


m.  COMPOUNDS  OF  CHLORINE,  BROMINE,  IODINE 


1.  ANHYDROUS  CHLORIDES,  ETC 


HAXiTTB.    COUUOIT  SALT,     Koohsali,  Bteinuli,  0«m. 

Isometric.     Usually  in  cubes  ;  rarely  in  octahedrons ;  faces  of  crystals 
Bometimescavemons,  asinf.  458.     Cleavage:  cubic, 
perfect.     Massive  and  fi^rannlar,  rarely  columnar.  468 

n.=;2-5.  G,=2-l-2-257.  Luati-e  vitreous.  Streak 
wliitc.  Color  white,  also  sometimes  yellowish,  red- 
ftisli,  bluish,  pui-plish ;  often  colorless.  Transparent 
—translucent.  Fracture  coucUoidal.  Rather  brittle. 
Soluble;  taste  purely  saline. 

Oomp.—NaCI= Chlorine  00-7,  Bodinm  30-3  =  100.  Commcmly 
mjied  with  Home  calcium  anlphate,  colaiuin  chloride,  and  mogiio- 
liam  chloride,  and  Bomedmea  magQeBium  Balphato,  which  xfmder 
it  liable  to  deliqaeece. 

PjT.,  ate. — hi  the  cloaed  tube  fuseg,  often  with  decrepitatloD ;  when  faved  on  the  platumio 
^Mp  oalors  the  flame  deep  yellair. 

Diff. — DisdngDiBhed  b;  its  taste,  solubility,  and  perfect  cable  cleavBge. 

Obi. — Common  salt  occnrs  in  extensive  but  IrTegLiJar  beds  in  Tocks  of  various  ag^a,  associ- 
ated with  gTpanm,  polyholite,  oalcite,  claj,  aud  sandstone;  aUo  in  solution,  and  forming; 
nit  ipiingB. 

The  principal  mines  of  Europe  Are  at  Wieliczka,  ia  Poland-  at  H&ll,  in  tbe  Tyrol ;  Stju»' 
fuit,  in  PmBsian  Saxony;  and  along  the  nmge  throogh  Beicbeotbal  in  Bavaria,  Eollein  in 
SaUbnrg.  Hallstadt,  Isohl,  and  Ebensee,  in  npper  AuBtria.  and  Aussee  in  Styrin;  in  Transyl- 
vania \  Wallachia.  Oalicia.  and  upper  Silesia  ;  Vic  and  Dianze  in  France  ;  Valley  of  Cardona 
and  elsewhere  in  Spain,  forming  hills  300  to  400  feet  high  ;  Bex  in  Switierlaad  ;  and  Nortb- 
vidiin  Cbesbire,  England.  It  also  occnre  near  Lake  Oroomiah,  tbe  Caspian  Lake.,  etc.  Ii 
Ugeria ;  in  Abyaainia ;  in  India  in  tlie  province  of  I/ahore,  and  in  the  valley  of  C^hmeie 
.n  China  and  Asiatio  Busaia  :  in  South  America,  in  Pern,  and  at  Zioaqnera  and  Nemocoo. 

In  tbe  United  State*,  salt  has  been  found  forming  beds  with  gjpaam,  in  Virginia,  Wash- 
ingtou  Co.  ;  in  tbe  Salmon  River  Mts.  of  Oregon;  in  Loniaiona.  Brina  springs  are  very 
Dumerons  in  the  Middle  and  Western  States.  These  springs  are  worked  at  Saliaa  and  Sjm 
case,  K.  T,  ;  in  the  Kanawha  Volley,  Va.  ;  Uuskingum,  Ohio ;  Michigan,  st  Saginaw  and 
fUewbera  ;  and  in  Kentucky.  Vast  lakes  of  salt  water  exist  in  many  parte  of  the  world. 
Lake  Tiraponogoe  in  the  Rocky  Mountains,  4.200  feet  above  the  level  of  the  sea,  now  called 
the  Great  Bolt  Lake,  is  2,000  square  miles  in  area.  L.  Gale  found  in  this  water  20-19S  pei 
cent,  of  sodium  chloride  in  18.)3  ;  but  the  greater  rainfall  of  the  last  few  yeais  has  dindn 
ished  the  proportion  of  saline  matter.  The  Dead  and  Caspian  Seaa  are  salt^  and  the  wnten 
nt  the  former  contain  20  to  20  parts  of  solid  matter  in  100  parts. 

HCANTAJATITE. — Composition  SONaCl  +  AjiCL.  Oocuia  in  white  enbea  in  the  mine  of  Ban 
Bimon,  Ceiro  de  Haantaityra,  Peru. 
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8n.vmi. 

iBomctric.    Cleavage  cabic.    Also  compact. 

H.=2.  G.=r9-2.  White  or  colorless.  Vitieons.  Soluble;  tasle like 
that  of  common  salt. 

Oomp. — KG1= Chlorine  47  05,  potaasiiun  52'35=100.    Bnt  often  oontaining  impnrities. 

Pyr.,  9to. — B.B.  in  the  platinum  loop  fuses,  and  gives  a  violet  oolor  to  the  outer  flame. 
Added  to  a  salt  of  phosphorus  bead,  which  has  been  previously  saturated  with  oopper  oxule^ 
colors  the  O.F.  deep  azure-blue.     Water  completely  distM>lve8  it. 

Obs. — Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  at  Staasf urt ;  at  Leo 
poldshall  {leopoidUe) ;  at  Ealnsz,  Gslida. 

OERARQ  y  UZTII.    Kerazgyrite.   Horn  Silver.  Silberhomerz,  Germ. 

Isometric.  Cleavage  none.  Twins :  twinning-plane  octahe<3ral.  Usually 
massive  and  looking  like  wax;  sometimes  columnar,  or  bent  columnar ; 
often  in  cioists. 

H.=l-1*5.  G.=5'552.  Lustre  resinous,  passing  into  adamantine.  Color 
pearl- gray,  grayish-green,  whitish,  rarely  violet-bJue,  colorless  sometimea 
when  perfectly  pure ;  brown  or  violet-brown  on  exposure.  Streak  shin- 
ing. Trau8pai*ent — feebly  subtranslucent.  Fracture  somewhat  conchoidal. 
Sectile. 

Oomp.~AgGl=Ghlorine  24  7,  silver  75-8=100. 

Pyr.,  etc. — In  the  closed  tube  fuses  without  decomposition.  B.B.  on  ohaxcoal  gives  a 
globule  of  metallic  sUver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saturate  with 
copper  oxide,  and  heated  in  O.F.,  imparts  an  intense  azure-blue  to  the  flame.  A  fragment 
placed  on  a  strip  of  2dnc,  and  moistened  with  a  drop  of  water,  swells  up,  turns  black,  snd 
iinullj  is  entirely  reduced  to  metallic  silver,  which  shows  the  metallic  lustre  on  being  pressed 
with  the  point  of  a  knife.     Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs. — ^Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  usually  only  in 
the  higher  i>arts  of  these  veins.  It  has  also  been  observed  with  ochreous  varieties  of  brown 
iron  ore  ;  also  with  several  copper  ores,  with  calcite,  barite,  etc. 

The  largest  masses  are  brought  from  Peni,  Chili,  and  Mexico.  Also  occurs  in  Nicaragna 
near  Ocotal ;  in  Honduras.  It  was  formerly  obtained  in  the  Saxon  mining  districts  of 
Oohanngeorgenstadt  and  Freiberg,  but  is  now  rare.  Found  in  the  Altai  ;  at  Kongsberg  in 
Norway ;  in  Alsace ;  rarely  in  Cornwall,  and  at  Huelgoet  in  Brittany.  In  Nevada,  aboat 
Austin,  Lander  Co. ,  abundant ;  at  mines  of  Oomstock  lode.  In  Arizona,  in  the  Willow  Springi 
dist. ,  veins  of  El  Dorado  canon,  and  San  Francisco  dist.     In  Idaho,  at  the  Poor  Man  lode. 

Named  f^m  tdpac,  Jiom^  and  agyvqoQ^  silver. 

Calomel  (Quecksilberhomerz,  6^«r77i. ). ^-Composition  Hg01= Chlorine  15*1,  mercury  84*9 
•«100.     Color  white,  grayish,  brown.     Spain. 

Sal  Ammoniac  (Salmiak,  Oerm.). — ^Ammonium  chloride,  NH4C1= Ammonium  88*7,  chlo- 
rine 66*8=100.     Vesuvius,  Etna,  and  many  volcanoes. 

Nantokite  (Breithaupt).~Composition  CuCl=Chlorine  85*9,  copper  64*1 =100.  Cleavage 
cubic.     Color  white.     Nantoko,  CniH 

Embolite.— Ag(Cl,Br) ;  the  ratio  of  CI :  Br  varying  from  8  :  1  to  1  :  8.  Color  grajish- 
green.     At  various  mines  m  Chili ;  also  Mexico ;  Honduras. 

BuoMYRiTB,  Bromorgyrite  (Bromsilber,  6r0rf7».).— Silver  bromide,  AgBr=Bromine  43*6, 
■liver  57*4=100.     Color  when  pure  bright  yellow,  slightly  gn^enish.     ChUi ;  Mexico. 

Iodtrite,  lodargyrite  (lodsilber,  Oerm,), — Silver  iodide,  AgI=Iodme  540,  silver  46*0= 
100.     Color  yellow.     Mexico  ;  Chili ;  Spain ;  Cerro  Colorado  mine  in  Arizona. 

Tocoanalite  (Domeyko). — Composition  Agl-fHgL  Amorphous.  Color  pale  yelloir. 
Chafiarcillo,  Chili. 

Chloaocalcitb  (Scacchi).— From  Vesuvius,  oontained  58*76  p.  a  CaCl« ;  with  also  KOI, 
NaCl,MgCl8.  Chloballuxinttb,  CnLOBMAaHBSiTB,  and  Chlobothionite  are  also  horn 
Temviua. 
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OonmHiTB.— Lead  chloride,  Pb01,= Chlorine  25'5,  lead  74*5=100.     Soft    White.    Yem 
•ins.     PSBUDOOOTITNNITE  (Scacchlj,  VesaTioB. 


MOLTSiTB.— Compocdtion  Fe01«= Chlorine  65*5,  iron  84*5=100.    VeaayiiUL 


2.  HYDROUS    CHLOEIDES. 


OARNALUTB. 

Maasive,  granular ;  flat  planes  developed  by  action  of  water,  but  no  dis- 
tinct traces  of  cleavage ;  lines  of  strisa  sometimes  distinguished,  which 
indicate  twin-composition. 

Lustre  shining,  greasy.  Color  milk-white,  but  often  reddish  from  mix- 
ture of  oxide  of  iron.  Fracture  conchoidal.  Soluble.  Strongly  phosphor 
ascent. 

Comp. — ^KMgC]t.6aq=KCI+]lfgCls  +  6aq=Magne8iiim  chloride  84*2,  potassiiim  chloride 
26-9,  water  38-9=100. 

The  brown  and  red  color  of  the  mineral  is  doe  partly  to  iron  sesqnioxide,  which  is  in  hex- 
agonal tables,  and  partly  to  organic  matters  (water-plants,  infusoria,  sponges,  etc.). 

PjT,j  etc. — KB,  fuses  easily.  Solnble  in  water,  100  parts  of  water  at  18*75^  C.  taking  ap 
64-5  parte. 

Obii^ — Occnrs  at  Stassf art,  where  it  forms  beds  in  the  upper  part  of  the  salt  formation, 
alternating  with  thinner  beds  of  common  salt  and  kieserite,  and  also  mixed  with  the  common 
salt.  Its  beds  consist  of  subordinate  beds  of  different  colors,  reddish,  bluish,  brown,  deep  red, 
sometimes  colorless.  Sylvite  occnrs  in  the  camaUite.  Also  f  onnd  at  Westeregeln ;  with  salt 
at  Maman  in  Persia.    Its  richness  in  potassium  makes  it  valuable  for  exploration. 

Taghhydrits.— Composition  CaMgaCle  +  12aq=CaCl9+2MgCia  +  12aq  (Ramm.)= Chlorine 
40*3,  magnesiam  9*5,  calcium  7-5,  water  42*7=100.  Color  yeUowish.-  Deliquescent.  Staas- 
furt. 

Kbsicbbsitb.— Probably  2NH4Cl+2ECl+FeCle+8aq.    VesnTiua. 

Srtthbosidsiuts,  also  from  Yeauyins,  is  2ECl+FeCl«+2aq. 


3.  OXYCHLOEIDES, 


ATAOAMTFB. 


Orthorliombic.  7  A  /  =  112^  20',  (?  A  l-t  =  131^  29' ;  c:l:d-  1-131 
:  1*492  :  1.  Usually  in  modified  i*ectangular  prisma,  vertically  striated ;  also 
in  I'ecfangular  octahedrons.  Twins:  twinning-plaue  /;  consisting  of 
three  individuals.  Cleavage:  i-l  perfect,  1-i  imperfect.  Occurs  also  mas- 
sive lamellar. 

H.= 3-3-5.  G.=3-761  f Klein),  3-898  (Zepharovich).  Lustre  adamantine- 
vitreous.  Color  various  shades  of  bright  green,  ratlier  darker  than  emerald, 
Boraetimes  blackish-green.  Streak  apple-green.  TraDsluceDt— subtran^ 
Inoent. 
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Oomp.^Oa01s+8HaCh:0^=GhlQnne  16-64,  oopper  59*45,  oxygen  11-26,  water  13*66=  100 
AIbo  otiier  componnds  with  more  water  (18  and  22^  p.  c). 

Pj^r.,  etc.~In  the  closed  tahe  giyes  off  much  water,  and  forms  a  gray  sablimate.  B.B.  oc 
ehusecoal  fuses,  coloring  the  O.F.  azure-filue,  with  a  green  edg^,  and  giving  two  ooatioga, 
one  brownish  and  the  other  grayish-white  ;  continued  blowing  yields  a  globule  of  metallic 
copper  ;  the  coatings  touched  with  the  fi.  F.  volatilize,  coloring  the  flame  azure -hluo.  In  oa^ 
easily  soluble. 

Obs. — Occurs  in  different  parts  of  Chili ;  in  the  district  of  Tarapaca,  Bolivia ;  at  Tooopilla 
in  Bolivia :  with  malachite  in  South  Austaralia ;  Serro  do  Bembe,  near  Ambriz,  on  the  west 
ooast  of  Amca ;  at  the  Estrella  mine  in  southern  Spain ;  at  St.  Just  in  Cornwall. 

Tallinoitb.— Composition  CuCls+4HaCuOa+4aq.  In  thin  crusts.  Color  blue.  Botal- 
lack  mine,  Cornwall. 

Atslitb. — Composition  Cud  i+2HsCuOa+aq.    Formed  from  tenorite.     Vesuvius. 

Pbbcylite. — An  oxychlozide  of  lead  and  oopper.  Occurs  in  minute  sky-blue  cnba. 
Sonora,  Mexico ;  So.  Africa. 

Katlockitb.— Composition  I  bCls+PbO=Iiead  chloride  55*5,  lead  oxide  44*5=100.  Giom- 
ford,  near  Matlock,  Derbyshire. 

Mbndipitb. —Composition  PI  Clt+2PbO=Lead  ohloride  88*4,  lead  oxide  61*6=100.  In 
oolumnar  masses,  often  radiated.  Color  white.  Mendip  Hills,  Somersetshire;  Brillon, 
Westphalia. 

ScHWABTZBiiBBBOiTB.— Composition  Pb(I,Cl)s+2PbO.  Color  yellow.  Desert  of  Ata- 
oama. 

Daubreitb.— Composition  (Bi,08)4BiCla=Bi,08  76*16,  BiCl,  28*84=100.  Amorphooa 
Btmoture  earthy,  sometimes  fibrous.  Color  yellowish-gray.  H.=2'5.  G.  =6*4-6*5.  Fioa 
Hm  mine  Constanoia,  Cccro  de  Tansa,  BoUvia  (Domeyko). 


VLUOBINB  OOMPOUKM. 
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IV.  FLUORINE  COMPOUNDS. 


1.  ANHYDROUS  FLUORIDES. 


459 


FLUORITE  or  FLTTOB  SPAR*  Fliuspath,  Oemk 

Is'imetric;  forms  usually  cubic  (see  f.  39,  40,  41,  53,  55,  etc.,  pp.  Ifl 
to  19).  Cleavage :  octahedral,  perfect.  Twins  : 
twinning-plane,  1,  f.  266,  p.  91.  Massive. 
Rarely  columnar ;  usually  gmnular,  coarse  or 
fine.  Crystals  often  having  the  surfaces  made 
up  of  small  cubes,  or  cavernous  with  rectangular 
cantics. 

fl.=4,  G.=3'01-3-25.  Lustre  vitreous ; 
bomctimes  splendent ;  usually  glimmering  in  the 
massive  varieties.  Color  white,  yellow,  green, 
rose,  and  crimson-red,  violet-blue,  sky-blue,  and 
brown:  wine-yellow,  greenish  and  violet-blue, 
most  common ;  red,  rare.  Streak  white.  Trans- 
parent— subtranslucent.  Brittle.  Fracture  of  fine  massive  varieties  flat- 
conchoidal  and  splintery.  Sometimes  presenting  a  bluish  fluorescence. 
Phosphoresces  when  heated. 

Oomp.,  Var. — Galcinm  fluoride,  CaFs=FlTioriiie  48*7,  calcinin  61  '3=100.  Beizelins  found 
0*5  of  oiQciimi  phoBphate  in  the  flnorite  of  Derbyehire.  The  presenoe  of  chlorine  vns  detected 
early  l^^  Scheele.  Kersten  found  it  in  fluor  from  Marienberg  and  Freiberg.  The  bright 
colon,  as  Bho^n  bj  Kenngott,  are  lost  on  heating  the  mineral ;  they  are  attributed  mainly  to 
different  hydrocarbon  compounds  by  Wyrouboff,  the  crystallization  having  taken  place  £rom 
aqueous  solution. 

Var.  OrdiTUMry ;  (a)  deayable  or  crystallized,  very  various  in  colors ;  (()  coarse  to  fine 
granular ;  («)  earthy,  dull,  and  sometimes  very  soft.  A  soft  earthy  variety  from  Ratofka, 
Eoasia,  of  a  lavender-blue  color,  is  the  ratofHte,  The  finely- colored  fluorites  have  been 
caUed,  according  to  their  colors,  /o&tf  ruby,  topaz,  emerald,  amethyst,  etc.  The  colors  of  the 
phosphorescent  Ught  are  various,  and  are  independent  of  the  actual  color ;  and  the  kind 
affording  a  green  color  is  (d)  the  adorophane. 

Pjrr.,  etc. — ^In  the  closed  tube  decrepitates  and  phosphoresces.  B.B.  in  the  forceps  and 
on  charcoal  fuses,  coloring  the  flame  red,  to  an  enamel  which  reacts  alkaline  to  test  paper. 
With  soda  on  platinum  foU  or  charcoal  fuses  to  a  dear  bead,  becoming  opaque  on  cooling ; 
with  an  excess  of  soda  on  charcoal  yields  a  residue  of  a  difficultly  fusible  enamel,  while  most 
of  the  soda  sinks  into  the  coal ;  with  gypsum  fuses  to  a  transparent  bead,  becoming  opaque 
on  cooling.  Fused  in  an  open  tube  with  fused  salt  of  phosphorus  gives  the  reaction  for  flnoii> 
Trefdied  with  sulphuric  add  gives  fumes  of  hydioflaoric  add  which  etdi  glafis»    Pho» 
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phorotconce  Is  obtained  from  tha  oouwly  powdered  apsT  beloir  a  rsd  heat.     A  t  &  high  teat- 
petataiM  it  oeasee,  but  ia  pattiallj  teatored  ^  m  eleotdo  diBchu^. 
Df& — Becogniied  b;  its  ootahedial  deavage,  its  etohisg  power  when  heated  in  Uie  glaa 

Oba. — Sometimea  In  beda,  bnt  generally  in  Telna,  in  gooim,  mica  ilate,  clay  slate,  and  alM 
In  limeatones,  both  cryBtaUine  and  uncrjBbilliiia,  and  Band^tonea.  Often  oocotb  aa  the  gangne 
of  metallic  orea.  In  the  North  of  England,  it  ia  the  gangue  of  the  lead  veins.  In  Deib; 
■hiie  It  ia  abundant,  and  also  in  Cornwall  Comnion  in  the  mining  diatlict  of  Saiooj ;  Gne 
Dear  Eoogsbeig  in  Norway.     In  the  dolomites  of  St.  Gothard  it  oocnra  in  pinlc  octobediona 

Sonte  American  locolitiee  are  ;  Ttambnll  and  PI; month,  Gomi.  '  Mnecolonge  Lake,  Jeffei- 
nmCo.,  N.T.,  in  gigantiooubea  I  Boaaie,  SL  LawrenceCo.  j  near  the  Fianklin  funiace,  N.  J.  ; 
Uallatin  Co. ,  SI. ;  Thunder  Bay,  Lake  SnperioTj  Miasonn. 

SBLT.Amc  (StrUvar).— MagneBinm  fluoride,  l^F,.  Tetragonal.  Colorlaw,  OocimwiUi 
■nhydrite  at  Geibnlaz  In  Savoy. 

TTTBOCEnrTB.— CorapodtioD  2(9CHF,+2TF.  +  CeF,)-!-3Bq  (Bamm.].  Color  Tidtet-blne, 
white.    Neat  Fahlun,  Sweden ;  Amity,  N,  T.  ;  PBriB,.Me.  :  etc. 

FLnocBRiTK.— Contaioa  (Beiwlios)  GeO,  B2-04,  TO  I'lS.     Sweden. 

Flukllitb. — Contains  CWollaaton)  Snorine  and  olnmlnnm.     ComwalL 

Cbtftoiulitk. — Flaonlioate  of  ammoniam.  Veanvins.  Alao  observed  at  VamTini, 
tlfdreJluoriU,  HF,  and  proidoniU,  SiF.  (ScacchiJ. 


CRYOl^VTB.* 

Triclinic  (DesCloizeanx  and  Webeky).     Form  approaclung  very  closely 
in  appearance  and  angles  to  the  cube  and  cub«> 
•gn  octanedron  o£  the  isometric  system.     General  habit 

aa  in  f.  460 ;  p{0)  A  T{I)  =  «0°  2',  /'(O^  A  M{J') 
=  90°  24',  Ma  T{Ia  J')  =  91°  57' ;  also  I  {l-i')  A  M 
(/')  =  124°  30',  ;  {1-i')  A  TU)  ~  124°  14'  (angles  by 
Webaky).  Twins  common.  Cleavage  parallel  to 
the  three  planes  P,  M,  T;  in  crystals  most  com- 
plete parallel  to  T,  in  maaseB  parallel  to  /*.  Com- 
monly massive,  cleavable. 

n.=2-5.  G.=2-9-3-0T7.  Lustre  vitreons;  Blightlv 
pearly  on  O.  Color  an ow- white  ;  Eometimee  reddish 
or  brownish  to  brick-red  and  even  black.  Snb- 
transparent — translucent.  Immersion  in  water  in- 
ci-easeB  the  transparency.     Brittle. 

Uompr— IfRiAlF,,  (or  6NaF-H AlF,)=AInminnm  lB-0,  aodinm  83-6,  flaoijne  e4-9=10a 

Pyr.,  eto^-FuBible  in  the  flame  of  a  oandle.  B.B.  in  the  open  tnbe  heated  bo  that  the 
fiame  enters  the  tube,  gives  oil  hydroflnorio  add.  etohlngthe  g1a» ;  the  water  which  c«ti- 
denaet  at  tlie  upper  end  of  the  tnbe  reacts  for  flnorlna  with  Biadl-wood  paper.  In  the  tor- 
eepa  biaee  very  easily,  coloring  Uie  flame  7ellow.  OntJie  charcoal  fnses  easily  to  adearbewl, 
which  on  cooling  becomes  opaqne ;  after  long  blowing,  t^e  assay  spreads  oat,  the  eodiain 
flaoTJde  is  abeorbed  by  the  ooal>  a  snffocatin);  odor  of  fluorine  Is  given  off,  and  a  omst  at 
^luninB  remains,  which,  when  heated  with  cob^t  solntion  in  O.K.,  gives  a  bine  uolor.  Soloble 
ht  sulphuric  add,  with  evolntion  of  hydroflnorio  acid. 

Di& — DiBtJognlshed  by  its  eztreme  fusibility,  and  its  yielding  hydroflnorio  acid  in  the  opoi 
tnbe. 

Obi.— Occnis  in  a  bay  la  Arkaat-Sord,  In  West  Oreenlimd,  at  Gvigtok,  where  it  oonititntat 
a  large  bed  or  vein  in  gneiss.  It  iansed  for  makiDg  soda,  and  soda  and  ainmina  salts  j  alM 
in  Pennsylvania,  foe  the  mannfactnre  of  a  white  glaw  which  is  a  very  good  imltaBon  ol 
porcelain. 

CHioLrra.— G,=3-84-8'90.  Na,AlF,  (or  8NaF-<-AlF.).  CDOUNETFrrK.— O.=8-01.  Ha.AJ 
Fig(or4NaF  +  AlF.)  Bamm.  The  two  minerals  are  alike  in  phyaloal  oharaotcia,  »  ~''" 
1b  minnte  tetragonal  pyramids  j  boUt  tcoia  Hiaak, 
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8.   HTDROirS    FLUORIDES. 

PAOHNOUm.    ThomMiioUto.* 

MoDOilinic,  with   the   lateral   axee  equal   (•' clino-qaadratic "  Nordens 
kield).   i:h:d  =  1-044  : 1 :  1 ;  C  =  92°  SO'.  PriBina  slender, 
s  littlfl  taperino; ;    /  hopizoatally  striated.     Cleavage :  basal  W* 

very  perfeut.     Also  massive,  opal  or  chaltiedoiiv-like. 

H.=2-5-4.  G.=2-929-300S,  of  crystals.  Lustre  vitreons, 
of  a  cleavage-fai^e  a  little  pearly,  of  massive  waxy.  Color 
white,  or  wi5i  a  reddish  tinge.     Transparent  to  translucent. 

0<Hap.— H»iOa,AIF,,  +  3aq,  or  SKiiF  4-S0aF,  + AlF.  4-SBq  =  FlnoTiiM 
61.38,  ftlmninnm  13-28,  caldnm  17-98,  BOdimn  lO-SS.  water  8'1U=:100. 

Pyr^  cto. — FnaM  mora  eaall;  tbtm  orTolito  to  a  oleu  glaaa.  The  maniTe 
dacTepit*tes  nmarkablj  in  the  flame  of  a  caudle.  In  powder  eaeity  deoom- 
poMd  1^  nlpbnrlo  add. 

Oba. — Fmmd  incnutanfr  tlie  oyoUte  of  QTeenlond,  and  a  Teanlt  of  its 
altsration.     The  oTTstala  often  faBTO  an  oclire-coloted  coating,  eepedally  the 
teraituil   portion;  they  are  sometimeB  qnite  laiffe,  and   have  mnch  the 
appeacanoe  of  oryolite.     The  mineral  was  flnt  described  by  Knop,  and  tliough  his  descripUcn 
at  the  cryatala  does  not  agree  with  that  givea  abore,  there  Beems  to  be  do  doabt  that  the 
material  wa«  the  some,  whli^  has  sinoe  been  iuvestigiat'  d  by  Hagemann  (dimttrio  pae!iri''iilt 
■nthoTiutnaiUe).  Wahler  Ipyroeonite)  and  Kceiilg.  aa  nrgi-d  bj  the  latter. 

Knop  origbuilly  deaoribed  two  varietiea  of  the  mineral,  to  which  he  {[are  the  name  paohno. 
lite.  The  variety.  A,  appeared  in  larg^e,  onboidaL  aryatals,  with  cleavage  pLmes  parallel  to  the 
facta,  intersecting  at  angles  of  approximately  90='.  Thcae  cleavage  planes  seeiaed  to  be  con- 
tinned  on  into  Uie  moss  of  the  aryallto  on  which  the  ciyetals  were  implanted.  The  second 
varie^,  B.  was  in  small  brilliant  c^staia,  of  prismatic  farm,  grouped  together  often  in  par- 
iiUel  poaitiDn  npon  the  cryolit«  (hence  the  name,  from  rixni,  fn>»t).  The  identity  of  the  two 
nuietiea  chemically  was  shown  by  the  analyses  of  Knop  and  Wohler.  The  ctystals  of  variety 
B,  according  to  Knop,  had  /a  /=  81°  34',  etc 

Knop  has  recently  (Jahrb.  Min.,  1876,  849)  enggeeted  the  poasibili^  that  the  crystals  o( 
"eryoUte,"  upon  which  Webek;  obtained  the  angles  qnoted  on  the  preceding  page,  were  really 
identical  with  Tarietr  A  of  paMMoUU.  Tlie  arystallographio  lelation  of  the  two  species  is  not 
yet  clearly  made  oat. 

Arudtitx,  HAasHAKinTB.  QBABKnrrm,  all  from  Oteenland ;  and  pRosoprrB,  from 
Altenberg.— Flnoilne  mineraU.  related  to  thoM  whloh  praoede,  bot  whose  ezaot  natnre  ii 
oot  yet  known. 
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V.  OXYGEN  COMPOUNDS. 


1.  OXIDES  OF  Metals  of  thb  Gold,  Ibon,  ob  Tin  Gboi7f& 


n 


A*  ANHYDROUS  OXIDES,      (a)  Protoxides,  RO(or  R,0). 

OUPKrm.     Red  Oopper  Ore.    Rothkapferea,  Gen^ 

Isometric  (sec  figures  on  p.  17).      Cleavage:   octahedral.      Sometiroofi 

cubes  lengthened  into  capillary  forms.    Also 
^1  massive,  granular;  sometimes  earthy. 

H.=3-5-4.  G.=5-85-6-15.  Lustre  ada- 
mantine or  submetallic  to  earthy.  Color  red, 
of  various  shades,  particularly  cochineal-red ; 
occasionally  crimson-red  by  transmitted  light 
Streak  several  shades  of  brownish-red,  snin 
ing.  Subtransparent — subtranslucent.  Frao 
ture  conchoidal,  uneven.    Brittle. 


Comp.,  Var.—CuaO=Oxygen  11-2,  oopper  88*8=100 
Sometimes  affords  traces  of  selenium.     ChakattMiU 
is  a  variety  which  occnrs  in  capillary  or  acicolar  erys- 
tallizations,  which  are  cubes  elongated  in  the  direction 
of  the  octahedral  axis.      It  also  occuib  earthy;   I'ik 
Ore  (Ziegelerz  Oerm.),    Brick-red  or  reddish-brown 
and  earthy,  often  mixed  with  red  oxide  of  iron ;  some- 
times nearly  black. 
"Pyr,^  etc. — ^Unaltered  in  the  closed  tube.    B.B.  in  the  forceps  fuses  and  colors  the  flame 
emerald-green ;  if  preyiously  moistened  with  hydrochloric  acid,  the  color  imparted  to  the 
tlame  is  momentarily  azure-blue  from  copper  chloride.     On  charcoal  first  blackens,  then  fuses, 
and  is  reduced  to  metallic  copper.     With  the  fluxes  gives  reactions  for  copper  oxide.     Soluble 
in  concentrated  hydrochloric  acid. 

Obs. — Occurs  in  Thuringia  ;  on  Elba,  in  cubes :  in  Cornwall ;  in  Devonshire  ;  in  isolated 
cryntals,  in  lithomaige,  at  Ohesey,  near  Lyons,  wnich  are  generally  coated  with  malachite, 
etc.  At  the  Someirille,  and  Flemington  copper  mines,  N.  J. ;  at  Cornwall,  Lebanon  Co., 
Pa. ;  in  the  Lake  Superior  region. 

UTDBOCUPRrrE  (Oenth), — A  hydrous  cuprite.  Occurs  in  orange-yellow  coatings  on 
magnetite.     ComwaU,  Lebanon  Co.,  Pa. 

ZINOrrX].    Bed  Zinc  Ore.    Bothzinkerz,  Germ, 

Hexagonal.  Oa1  =  US'"  7' ;  c  =  1-6208.  In  qnartzoids  with  truncated 
summits,  and  prismatic  faces  Z  Qeavage:  basal,  eminent;  prismatic, 
sometimes  distinct.  Usual  in  foliated  grains  or  coai'se  particles  and  masses; 
also  granular. 

H.=4-4'5.  G.= 5-43-5 -7.  Lustre  subadamantine.  Streak  orange-yel- 
low. Color  deep  red,  also  orange-yellow.  Translucent — subtransmcent. 
Fracture  siibconchoidal.    Brittle. 

Oomp. — Zn0=:0xygen  19*74,  zinc  80*26=100:  containing  manganese  as  an  unessentii 
ingredient  The  red  color  is  due  probably  to  tne  presenoe  of  manganese  aeequiozide,  off- 
tainly  not  to  scales  of  hematite. 
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Pyr.,  etc  —Heated  in  the  dosed  tube  blackens,  but  on  oooling  resames  the  original  color. 
B.E.  infnsib.e ;  with  the  fluxes,  on  the  platinum  wire,  gives  reactions  for  manganese,  and  os 
oharcoal  in  B.  F.  gives  a  coating  of  zinc  oxide,  yellow  while  hot,  and  white  on  cooling.  The 
coating,  moistened  with  cobalt  solution  and  treated  in  B.F.,  assumes  a  green  color.  Soluble 
in  acids  without  effervescence. 

Obft. — Occurs  with  franklinite  and  also  with  calcite  at  Stirling  Hill  and  Mine  Hill,  Susser 
Oo.,  N.  J. 

Caixozincitb. — ^Impure  zinoite  (mixed  with  CaCOs,  etc.).    Stirling  Hill,  N.  J. 

T^EaNORrm.*  Melaconite.    Schwarzkupfererz  (Eupferschwarze),  Gemu 

Orthorhombic  (tenorite),  crystals  from  Vesuvius.  Earthy ;  massive  ; 
pulvernlent  (melaconite):  also  in  shining  flexible  scales;  also  rarely  in 
cubes  with  truncated  angles  (pseudomorphous  ?). 

H-=3.  G.=6*25,  massive  (Whitney).  Lustre  metallic,  and  color  steel  or 
iron-gray  when  in  thin  scales ;  dull  and  earthy,  with  a  black  or  grayish- 
black  color,  and  ordinarily  soiling  the  fingei-s  when  massive  or  pulverulent 

Oomp— CnO=Oxygen  2015,  copper  79*85=100 

P]rr.,  etc« — B.B.  in  O.F.  infusible;  other  reactions  as  for  cuprite  (p.  244).  Soluble  in 
hydrochloric  and  nitric  acids. 

Obs. — Found  on  laTa  at  Yesuyius  in  minute  scales ;  and  also  pulverulent  (Soaochi,  who 
uses  the  name  melaconise  for  the  mineral).  Common  in  the  earthy  form  {mdaconiU)  about 
copper  mines,  as  a  result  of  the  decomposition  of  chalcopyrite  and  other  copper  ores.  Duck- 
town  m,ines  In  Tennessee,  and.  Keweenaw  Point,  L.  Superior. 

Pbriclasitb. — ^Essentially  magnesium  oxide,  MgO,  or  more  exactly  (Mg,Fe)0,  where 
Mg :  Fe=20  :  1,  or  80  : 1.     Mt.  Somma. 

BmrasHiTB. — ^NiO.  Found  at  Johanngeorgenstadt.  The  compound  MnO  has  been  found 
recently  in  Wermiand,  in  masses  of  a  green  color,  and  with  cubic  cleavage.  See  mangano- 
site,  p.  431. 

MAseioOT  (Bleiglfitte).— PbO,  bat  generally  impure.  Badenweiler,  Baden.  Mexico. 
Austin^s  mines,  Va. 

flTDRABOTRrrB.— HgO ;  with  Bordositb,  AgCl+flgCl,  at  Los  Bordos,  Chili 
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(h)  Sesquioxides.    General  Formula  fiOs* 

CORUNDUM.* 

Rhombohedral.  ii?  A  i?  =  86°  4',  <?  A  l(i?)  =  122°  26' ;  (122°  25',  Kofc 
Bcbarof) ;  c  =  1'863.  Cleavage:  basal,  some- 
times perfect,  but  interruptea,  commonly'  im- 
perfect in  the  blue  variety ;  rhombohedral,  often 
perfect.  Large  crystals  usually  rough.  Twins : 
composition-face  jS.  Also  massive  granular  or 
impalpable ;  often  in  layers  from  composition 
parallel  to  JS. 

IL=9.  G.=8-909-4-16.  Lustre  vitreous; 
sometimes  pearly  on  the  basal  planes,  and  occa- 
sionally exhibiting  a  bright  opalescent  star  of 
six  rays  in  the  direction  oi  the  axis.  Color  blue, 
»«d,  yellow,  brown,  gray,  and  nearly  wlite; 
fttreiak  uncolored.  Transparent — translucent. 
Fracture  conchoidal  —  uneven.  Exceed  i  ugly 
tough  when  compact. 

Oomp^Yar. — ^Pore  ahimiiia  AlOa^Oxygen  46*8,  alaminam  58*2=100. 
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mbdiyisions  of  the  species  prominently  reoo^ized  in  the  arts,  and  until  eaily  hi  this  eentoiy 
regarded  ae  distinct  species ;  but  which  actoallj  differ  only  in  parity  and  state  of  ccyatallifli- 
tion  or  stmcture. 

Yah.  1.  Sapphire  — Includes  the  purer  kinds  of  fine  colors,  transparent  to  tronsluoent, 
useful  as  gems.  Stones  are  named  according  to  their  colors ;  true  Ruby^  or  Orient€A  Rubjfj 
red  ;  0.  Topas^  yellow  ;  0.  Emerald^  green  ;  0.  Ametliyst^  purple. 

2.  OoiiTTiTDnM. — Includes  the  kinds  of  dark  or  dull  colors  and  not  transparent,  colors  light 
blue  to  gray,  brown,  and  black.  The  original  adamantine  spar  from  India  has  a  dark  gray- 
ish smoky -brown  tint,  but  greenish  or  bluish  by  transmitted  light,  when  translucent,  and 
either  in  distinct  crystals  often  large,  or  cleavable-massive.  It  is  ground  and  u-ed  as  a  polish- 
ing material,  and  being  purer,  is  superior  in  this  respect  to  emery.  It  was  thus  employed  in 
ancient  times,  both  in  India  and  Europe. 

8.  Emert,  Schmirgel,  Oerm. — Indudes  granular  corundum,  of  block  or  grayish-black 
color,  and  contains  magnetite  or  hematite  intimately  mixed.  Feels  and  looks  much  like  a 
black  fine-grained  iron  ore.  which  it  was  long  considered  to  be.  There  are  giada^iouB  from  the 
evenly  fine-grained  emery  to  kinds  in  which  the  corundum  is  in  distinct  crystals.  This  last 
is  the  case  with  part  of  that  at  Chester,  Massachusetts. 

Pyr.,  etc. — B.B.  unaltered  ;  slowly  dissolved  in  borax  and  salt  of  phosphorus  to  a  dear 
glass,  which  is  colorless  when  free  from  iron ;  not  acted  upon  by  soda.  The  finely  pulverised 
mineral,  after  heating  with  cobalt  solution,  gives  a  beautiful  blue  color.  Not  acted 
qpon  by  acids,  but  converted  into  a  soluble  compound  by  fusion  with  potassium  bisulphate 
or  soda.  Friction  excites  electricity,  and  in  policed  specimens  the  electrical  attraction  con- 
dnnes  for  a  considerable  length  of  time. 

Diff. — Distinguished  by  its  hardness,  scratching  quartz  and  topas  ;  its  infusibility  and  its 
high  specific  gravity. 

Ob8« — This  species  is  associated  with  ciystalline  rocks,  as  granular  limestone  or  dolomite, 
gneiss,  granite,  mica  slate,  chlorite  slate.  The  fine  sapphires  are  usually  obtaioed  from  ths 
beds  of  rivers,  either  in  modified  hexagonal  prisms  or  in  rolled  masses,  accompanied  by  grains 
of  magnetic  iron  ore,  and  several  species  of  gems.  The  emeiy  of  Asia  Minor,  according  to 
Dr.  Smith,  occurs  in  granular  limestone. 

Sapphires  occur  in  Ceylon ;  the  East  Indies ;  China  Corundum,  at  St  Gothard ;  in  Pied- 
mont ;  Urals ;  Bohemia.  Emery  is  found  in  laige  boulders  on  some  of  the  Grecian  islands ; 
also  in  Asia  Minor,  near  Ephesus,  etc.  In  N.  America,  in  Mnstaehvsetts,  at  Chester,  corun- 
dum and  emery  in  a  large  vein ;  also  in  Westchester  Co. ,  N.  Y.  In  JNew  York,  at  Warwick 
and  Amity.  In  Pennsylvania^  in  Delaware  Co.,  and  Chester  Co.  In  western  JV.  Carolina^ 
at  many  localities  in  large  quantities,  and  sometimes  inczystals  of  immense  size.  la  Georgia^ 
in  Cherokee  Co.  In  California^  in  Los  Angeles  Co. ;  in  the  gravel  on  the  Upper  Missonxi 
Aiver  in  Montana. 


HBBCATITll.    Specular  Iron.    Eisenglanz,  Botheisenen,  Gtrm, 

Ehorabohedral.  ^Ai?  =  86°  10',  <?A^  =  122^  30';  c  =  ]-S591. 
C>  A  f  2  =  118*^  58',  <?  A  !•  =  103^  32,  i?  A  f  2  =  154°  2'.  Cleavage :  par- 
allel  to  li  and  0;  often  indistinct.    Twins:  twinning-plane  i2y  also  0 
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Vesuvius. 


Elba. 


Elba. 


(f .  267,  p.  91).  Also  colnmnar — agranular,  botiyoidal,  and  stalactitic  8ha])a  , 
also  lamellar,  laminse  joined  parallel  to  Oj  and  Yarionsly  bent,  tliick  ur 
thin ;  also  granular,  friable  or  compact 
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H.=5'6-6'5.  G.=4*5-5*8 ;  of  some  compact  varieties,  as  low  as  4*2. 
Lnstre  metallic  and  occasionally  splendent ;  sometimes  earthy.  Color  dark 
steel-gray  or  iron-black ;  in  very  thin  particles  blood-red  by  transmitted 
light;  when  earthy,  red.  Streak  cherry-red  or  reddish-brow o.  Opaque, 
except  when  in  very  thin  laminse,  which  are  faintly  translucent  and  blood- 
red.  Fracture  subconchoidal,  uneven.  Sometimes  attractable  by  the 
magnet,  and  occasionally  even  magnetipolai*. 

Comp.,  Var. — ^Iron  Besqoiozide,  FeOa= Oxygen  80,  iron  70=100.  Sometimes  ocmrainJof 
titanium  and  magnesinnL 

The  varieties  depend  on  texture  or  state  of  aggregation,  and  in  some  cases  the  presence  v ' 
impurities. 

Var.  1.  Specular,  Lustre  metallic,  and  crystals  often  splendent,  whence  the  name  specvJat 
iron,  {b)  When  the  structure  is  foliated  or  micaceous,  the  ore  is  called  micaoe&iis  hematito 
(BLsenglimmer).  2.  Compact  columnar ;  or  fibrous.  The  masses  often  long  radiating ;  lustre 
sabmetaUic  to  metallic ;  oolor  brownish-red  to  iron-black.  Sometimes  called  red  liemaUte, 
the  name  hematite  among  the  older  mineralogists  including  the  fibrous,  stalactitic,  and  other 
solid  massive  varieties  of  this  species,  limonite,  and  turgite.  8.  Hed  Ookreous.  Eed  and 
earthy.  Often  specimens  of  the  preceding  are  red  oohreous  on  some  parts.  Reddle  and  red 
chalk  are  red  ochre,  mixed  with  more  or  less  clay.  4.  Clay  Iron-stone  ;  Argiilaceoue  Jumatite. 
Hard,  brownish-black  to  reddish-brown,  heavy  stone ;  often  in  part  deep-red  ;  of  submetaUic 
to  unmetallio  lustre ;  and  affording,  like  all  the  preceding,  a  red  streak.  It  consists  of  iron 
sesquioxide  with  clay  or  sand,  and  sometimes  other  impurities. 

Pyr.,  etc.— B.B.  infusible;  on  charcoal  in  R.F.  becomes  magnetic  ;  with  borax  in  O.F. 
gives  a  bead,  which  is  yeUow  while  hot  and  colorless  on  cooling ;  if  saturated,  the  bead 
appears  red  while  hot  and  yellow  on  cooling ;  in  B.F.  gives  a  bottle-green  color,  and  if  treated 
on  charcoal  with  metallic  tin,  assumes  a  vitriol-green  color.  With  soda  on  charcoal  in  B.F. 
is  reduced  to  a  gray  msgnetic  metallic  powder.     Soluble  in  concentrated  hydrochloric  acid. 

Diff. — ^Distinguished  from  magnetite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  ss  well  as  by  its  not  containing  water  ;  from  turgite  by  its  greater  hardness  and  by 
its  not  decrepitating  B.B.    It  is  hard;  and  infusible, 

Obs. — This  ore  occurs  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to  ciys- 
talline  or  metamorphic  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes,  as 
at  Vesuvius.  Traversella  in  Piedmont  >  the  island  of  Elba,  afford  fine  specimens ;  also  St. 
Gothard,  often  in  the  form  of  rosettes  {Jaisenro8e\  and  Gavradi  in  Tavetsch ;  and  near  Limoges, 
France.  At  Etna  and  Vesuvius  it  is  the  result  of  volcanic  action.  Arendal  in  Norway,  Long- 
ban  in  Sweden,  Framont  in  Lorraine,  Dauphiny,  also  Cleator  Hoor  in  Cumberland,  are  other 
localities. 

In  i^.  America,  widely  distributed,  and  sometimes  in  beds  of  vast  thickness  in  rooks  of  the 
ArchsBan  age,  as  in  the  Marquette  region  in  northern  Michigan ;  and  in  Missouri,  at  the  Pilot 
Knob  and  the  Iron  Mtn. ;  in  Arizona  and  New  Mexico.  Some  of  the  localities,  interesting 
for  their  specimens,  are  in  northern  New  York,  eto.;  Woodstock  and  Aroostook,  Me.;  at 
Hawley,  Mass. ;  at  Piermont,  N.  H.  ' 

This  ore  affords  a  considerable  portion  of  the  iron  manufactured  in  different  countries.  The 
varieties,  especially  the  specular,  require  a  greater  degree  of  heat  to  melt  than  other  ores, 
but  the  iron  obtained  is  of  good  quality.  Pulverized  red  hematite  is  employed  in  polishing 
metaJs,  and  also  as  a  coloring  material.  The  finegrained  massive  variety  from  England 
(bloodstone),  showing  often  beautiful  conohoidal  fracture,  is  much  used  for  burnishing  metals. 
Bed  ochre  is  valuable  in  making  paint. 

Mabtitb  is  iron  sesquioxide  under  an  isometric  form,  occurring  in  octahedrons  or  dodeca- 
hedrons like  magnetite,  and  supposed  to  be  pseudomorphous,  mostly  after  magnetite.  H.  = 
6-7.  O.  =4*809-4*832,  Brazil,  Breith. ;  5*33,  Monroe,  N.  Y.,  Hunt.  Lustre  submetaUic. 
Color  iron-black,  sometimes  with  a  bronzed  tarnish.  Streak  reddish-brown  or  purplish-brown. 
Fracture  conohoidal.  Not  magnetic,  or  only  feebly  so.  The  crystals  are  sometimes  imbed- 
ded in  the  massive  sesquioxide.  They  are  distinguished  from  magnetite  by  their  red  streak, 
snd  very  feeble,  if  any,  acrion  on  the  magnetic  needle. 

Foand  in  Vermont  at  Chittenden;  in  the  Marquette  iron  region  south  of  L.  Superior; 
Bass  lake,  Canada  West ;  Digby  Neck,  Nova  Scotia ;  at  Monroe,  N.  Y. ;  in  Moravia,  neai 
Bchoabeig,  in  granite. 

MBNAOOANTTB.*  Ilmenite.    Titanic  Iron  Ore.    Titaneisen,  Oetm. 

Bliombohedral ;  tetartohedral  to  the  hexagonal  type.    IiAli  =  85**  W 
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56''  (Kokflch.),  i  =  1'38468.     Angles  nearly  as   in  hematite.     Often  a 

cleavage  parallel  with  the  terminal  plane,  but 
probably  auc  to  planes  of  composition.  Crjetala 
usually  tabular.  Twins:  t winning-plane  (?; 
sometimes  producing,  when  repeated,  a  form 
resembling  f.  468.  Often  in  thin  plates  or 
laminsB ;  massive ;  in  loose  grains  as  sand. 

H.=5-6.  G.=4*5-5.  Lustre  submetallic. 
Color  iron-black.  Streak  submetallic,  powder 
black  to  brownish-red.    Opaque.     Fracture  con- 

choidal.   Influences  slightly  the  magnetic  needle. 

• 

Oomp.,  Var.— {Ti,Fe)«Oa  (or  hematite,  with  part  of  the  iron  replaced  by  titanium),  the  pro 
portion  ox  Ti  to  Fe  vaiying.  Mosander  assumes  the  proportion  of  FeO  :  TiOa  to  be  aiwayi 
1:1,  and  that  in  addition  variable  amounts  of  FeOs  are  present  in  the  different  varieties. 
The  extensive  investig^ations  of  Bammelsbezg  have  led  him  to  write  the  formula  like  Mosan- 
der (FeO,Ti09)+nFeOa  (notice  here  that  FeO,TiOa=iK>s).  This  method  has  the  advantage 
of  explaining  the  presence  of  the  magnesium,  occurring  sometimes  in  considerable  amount,  it 
replacing  the  iron  (FeO).  The  first  formula  given  requires  the  assumption  of  MgaOs.  Friedd 
and  Guerin  have  recently  discussed  the  same  subject  (Ann.  Oh.  Phys.,  V.,  viii,  88, 1876). 

Sometimes  contains  manganese.  The  varieties  recognized  arise  mainly  from  the  propoitioni 
of  iron  to  titanium.    No  satisfactory  external  distinctions  have  yet  been  made  out. 

The  foUowing  Analyses  will  illustrate  the  wide  range  in  composition: 

TiOa  FeO,  FeO  MnO  MgO 

1.  nmenMt8.,7&w«/i»ed  46-93  1074  37-86  2-73        114=99  39,  Mosander. 

2.  Snarum                      1003  7717  852     1-33,  AlO,  1-46 =98  50,  Bamm. 

3.  Warwick,  N.  T.         57'71 26-83  0*90  18-71=y914,  Eamm. 

P3rr.,  etc. — B.B.  infusible  in  O.F.  although  slightly  rounded  on  the  edges  in  B.  F.  With 
borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F. ,  and  with  the  latter  flux  assumes  a  more 
or  less  intense  brownish-red  color  in  B.F. ;  this  treated  with  tin  on  charcoal  changes  to  a 
violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  minenl, 
heated  with  hydrochloric  add,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered  from 
the  undecomposed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  blae 
or  violet  color.     Decomposed  by  fusion  with  sodium  or  potassium  bisulphace. 

Diffii — Bescmbles  hematite,  but  has  a  submetallic,  nearly  black,  streak. 

Cbs. — Some  of  the  principal  European  localities  of  this  species  are  :  Krageroe,  Egersund, 
Arendal,  Norway;  Uddewalla,  Sweden;  Umen  Mts.  (Umenite) ;  Iserwiese,  Biesengebitge (w^r- 
*n«) ;  Aschaffenburg ;  Eisenach ;  St.  Gristophe  {enchtonite). 

Occurs  in  Warwick,  Amity,  and  Monroe,  Orange  Co.,  N.  Y. ;  also  near  Edenville ;  at  Ghei- 
ter  and  South  Boyalston,  Mass.  ;  at  Bay  St.  Paul  in  Canada;  also  with labradorite  at  Chateaa 
Bu^her.    Grains  are  found  in  the  gold  sands  of  Calif oznia. 


.* 


Isometric,  Rose  (fr.  Ural).  Habit  cubic,  with  secondary  planes  incom- 
pletely developed ;  in  cubes,  octahedrons,  and  cubo-octaliedrons,  from 
Arkansas.  Twins:  twinning-plane  octahedral,  Magnet  Cove,  Ark.;  also 
like  f .  276,  p.  93,  Achmatovsk.  Cleavage :  parallel  to  the  cubic  faces 
rather  perfect. 

n.=6-5.  G.=:4*02-4*04.  Lustre  metallic — adamantine.  Color  pale 
veilow,  honey-yellow,  orange-yellow,  reddish-brown,  grayish-black  to  iron- 
black.  Streak  colorless,  grayish.  TranBpai*ent  to  opaque.  Doable  refract* 
ing. 
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Oomp.— (Ca4-Ti)Ot=BO,=Titanlo  oxide 594,  lime  40-6=100. 

Pyr.,  etc. — In  the  foioeps  and  on  oharooal  infusible.     With  salt  of  phosphoms  in  O.F.  die 
lolvfB  easily,  giving  a  bead  gpreeniah  while  hot,  which  becomes  colorless  on  cooling;  in  B.F. 
tlie  bead  chsjiges  to  grajish-green,  and  on  oooUng  ajwumes  a  violet-blue  color.    Entirely  de- 
oompoeed  by  boiling  aulphniic  add. 

Oba.— Occurs  at  Achmatovsk.  in  the  Ural ;  in  the  valley  of  Zermatt  ;  at  Wildkreuzjoch 
in  the  Tyrol.     Also  at  Magnet  Cove,  Arkansas. 

DeaCloizeanx  baa  found  that  the  yellow  oryatals  from  Zermatt  have  a  complex  twinned 
Btnicture,  and  are  optically  biaxial  Eokscharof,  in  his  latest  investigations,  has  shown  that 
the  Eussian  specimens  also  exhibit  phenomena  in  polarized  lighc  analogous  to  those  of  biaxial 
crystals,  though  irregular.  He  proves,  however,  that  ciystallographically  the  oiystals  ex- 
amined by  him  were  unquestionably  isometric,  and  adds  also  £at  almost  all  the  Russian 
perofskito  ciystals  are  penetration -twins.  The  latter  fact  explains  the  commonly  observed 
Btriations  on  the  cubic  planes,  as  also  the  incompleteness  in  the  development  of  the  othez 
forms.  He  refers  tiie  optical  irregularities  to  the  want  of  homogeneity  in  the  crystals.  Des- 
Cloizeaux  speaks  of  inclosed  lamellss  of  a  doubly-refracting  substance  analogous  to  the  para- 
site in  boracite  crystals  (p.  176). 

Htdbotitamitb.— A  decomposition-product  of  perofskite  crystals  from  Magnet  Cove, 
A^kfintmn     Form  retidned  bat  color  chcuoged  to  yellowish-gzay  (Koenig). 


(e)  CoMPOUHDS  07  Frotoxibbs  ahd  Sesquioxidss,*  £lB04(or  RO+IK),). 

Spinel  Orowp.    Isometric  {Octahedrdl). 

SPINBIi. 

Isometric.    Habit  octahedral.    Faces  of  octahedron  sometimes  convex. 
Cleavage :  octahedral.     Twins :  twinning-plane  1. 

H.=8.     G.=3'5-4*l.    Lustre  vitreous ;  splendent —  ^rj^ 

nearly  dull.  Color  red  of  various  shades,  passing  into 
blue,  green,  yellow,  brown,  and  black;  occasionally 
almost  white.  Streak  white.  Transparent — ^nearly 
opaque.    Fractiire  conchoidal. 


Oomp.,  Var. — The  spinels  proper  have  the  formula  MgM04(=MgO 
-l-iUO»),  or  in  other  words  contain  chiefly  magnesium  and  aluminum, 
with  the  former  replaced  in  part  by  iron  (Fe),  calcium  (Oa),  and  man- 
ganese (Mn) ;  and  the  latter  by  iron  (Fe).  There  is  hence  a  grada- 
doa  into  kinds  containing  Uttle  or  no  magnesium,  which  stand  as 
distinct  species,  viz.,  HercyniU  and  Qaknite.  MgM04=Aliunina 
72.  magnesia  28=100. 

Yar.  1.  Ruhy^  or  Magnesia  Bpintf,. — Clear  red  or  reddish;  transparent  to  translucent, 
sometimes  subtranslucent.  G.  =3 '52-3 '58.  OomiKMition  Mg^Oi,  with  Uttle  or  no  Fe,  and 
Bometimes  chromium  as  a  source  of  the  red  color.  2.  Cej/lonite,  or  Iron-Magnesia  8pind, 
Color  dark-green,  brown  to  black,  mostly  opaque  or  nearly  so.  6.  =8 '5-3*6.  Composition 
Mg:M04+Fe.^l04.  Sometimes  the  3VI  is  replaced  in  part  by  Fe.  8.  Pieotite.  Contains  over 
7p.  c.  of  chromium  oxide.  Color  black.  Lustre  brilliant.  G.=4'08.  The  original  was 
from  a  rock  occurring  about  L.  Lherz,  called  LherzoUte, 

Pyr.,  etc. — B.B.  alone  infusible;  the  red  variety  turns  brown,  and  even  black  and 
opaque,  as  the  temperature  increases,  and  on  cooling  becomes  first  green,  and  then  nearly 
solorleflo,  and  at  last  resumes  the  red  color.  Slowly  soluble  in  borax,  more  readily  in  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  while  hot^  becoming  faint  chrome-green  on 

*  The  compounds  here  considered  are  sometimeB  regarded  as  salts  of  the  adda,  Ha{K)i« 
libit «,  as  aluminaUs^  ferroiteSf^Ui. 
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oooling.    The  black  yarietiee  give  reaotioxis  for  iron  with  the  flaxes.     SoloJble  with  difficulty 
in  concentrated  siilphnric  acid.     Decomposed  by  fnsion  with  aodinm  or  potasaiani  bisalphate. 

Di£f. — Distini^niBhed  by  its  octahedrid  form,  hardness,  and  inf osibilitj ;  magnetite  ii 
attracted  by  the  magnet,  and  zircon  has  a  higher  specific  grayity. 

Obs. — Spinel  occurs  imbedded  in  gxannlar  limestone,  and  with  caluite  in  serpentine,  gneisi, 
and  allied  rocks.     It  also  occupies  the  cavities  of  masses  ejected  from  some  vdcanoes,  &g, 
Mt.  Somma. 

Fine  spinels  are  found  in  Ceylon ;  in  Siam,  as  rolled  pebbles  in  the  channels  of  riven 
Oocur  at  Aker  in  Sweden ;  also  at  Monzoni  in  the  Fassathal. 

From  Amity,  N.  Y.,  to  Andover,  K.  J.,  a  distance  of  about  30  miles,  is  a  region  of  granulai 
limestone  and  serpentine,  in  which  localitieB  of  spinel  abound ;  numerous  about  Warwick, 
and  at  Monroe  and  Cornwall.  Franklin,  Sterling,  Sparta,  Hamburgh,  and  VemozL,  N.  J., 
are  other  localities.    At  Antwerp,  Jefferson  L)o.,  N.  Y. ;  at  Bolton  and  elsewhere  in  Mass. 

Hebctnti'E.— FesHOi  (or  FeO+AlOs).     Color  blaok.    Massive.    Bohemia. 

JACOB8ITB  {Damour), — BfiO*,  or  (Mii,Mg)  (Fe,Mn)04.  Color  deep  black.  Ooonzs  in  dia- 
torted  octahedrons  (magnetio)  in  a  crystallme  limestone  at  Jacobsberg,  Sweden. 


QAHNITB.    Zino  Spinel. 

Isometric.    In  octahedrons,  dodecahedrons,  etc.,  like  spinel. 

IL=7*5-8.  G.=4r-4-6.  Lustre  vitreous,  or  somewhat  greasy.  CJolor 
dark  green,  grayish-ffi^een,  deep  leek-green,  greenish-black,  bluish-black, 
yellowish-  or  grayish-orown ;  streak  grayish.     Subtranslucent  to  opaque. 


Comp.,  Var. — Zn::!tl04= Alumina  01  '8,  oxide  of  adnc  38*7=100;  with  little  or  no  magnesium. 
The  zinc  sometimes  replaced  in  small  part  by  manganese  or  iron  (Mn,Fe),  and  the  aluminum 
in  part  by  iron  (Fe). 

Yar.  1.  ^u^;7u?^»to,  or  Zin«  ^aA7U(^/ with  sometimes  a  Uttle  iron.  G.  =4*1-40.  Colon  as 
above  given.  2.  Dysluite,  or  Zinc^Manganese-Iron  Octfimte,  Composition  (Zn.Fe,Hn) 
(:M,Fe)04.  Color  yellowish- brovoi  or  grayish-brown.  G.  =4-4*6.  Form  the  octahedron,  oi 
the  same  with  truncated  edges.  8.  KreiUoTUU^  or  Zinc- Iron  QahniU.  Composition  (Zn,, 
Fe,Mg)(iy,Fe}04.  Occurs  in  crystals,  and  granular  massive.  H.=7-8.  G.  =4*48-4*89. 
Color  velvet  to  gpreenish- black ;  powder  grayish-g^reen.    Opaque. 

"Pyr^  etc.— Gives  a  coating  of  zinc  oxide  when  treated  with  a  mixture  of  borax  and  sods 
on  charcoal.     Otherwise  like  spineL 

Obs. — AuUxmoliU  is  found  at  Fahlun,  Sweden ;  Franklin,  N.  Jersey ;  Canton  mine,  Ga. ; 
VyfkUte  at  Sterling,  N.  J.  ;  KreUUmUe  at  Bodenmais  in  Bavaria. 


MAGNZmm.    Magnetic  Iron  Ore.    Magneteisenstein,  Magneteisenen,  Qerm, 

Isometric    The  octahedron  and  dodecahedron  the  most  common  forms. 

473  474  475 


Achmatovsk.  Haddam. 

iTig.  475  is  a  distorted  dodecahedron.    Cleavage :  octahedral,  perfect  tc 
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Imperfect.  Dodecahedi*al  faces  commonly  striated  parallel  to  the  longer 
diagonal.  Twins:  twi*^  ng-plane,  1 ;  also  in  dendrites,  branching  at  anglea 
of  oO**  (f.  277,  p.  \f3j  Massive,  structure  granular — particles  of  various 
sizes,  sometimes  impalpatle. 

H.=5*5-6-5.  G.=4:*9-5-2.  Lustre  metallic — submetallic.  Color  iron- 
black;  streak  black.  Opaque;  but  in  mica  sometimes  transparent  or 
nearly  so ;  and  varying  from  almost  colorless  to  pale  smokv-brown  and 
black.  Fracturo  subconchoidal,  shining.  Brittle.  Strongly  magnetic, 
sometimes  possessing  polarity. 

Comp.,  Var.— FdFeOi  (or  Fet04)=FeO+Pe09=Oz7gen  ST'S,  izon  72*4=100 ;  or  iron  ses- 
qniozide  68*97,  iron  protoxide  81  03=100.  The  iron  sometimes  replaced  in  small  part  by 
magnesium.    Also  sometimes  titanif  erona. 

From  the  normal  proportion  of  Fe  to  Fe,  1  : 1,  there  is  oooasionally  a  wide  variation,  and 
Ums  a  gradual  passage  to  the  sesquiozide  FeOs ;  and  this  fact  may  be  regarded  as  evidunce 
that  the  octahedral  FeOs,  martite,  is  only  an  altered  magnetite. 

Pyr.,  eto« — ^B.  B.  very  difficultly  fusible.  In  O.  F.  loses  itn  influence  on  the  magnet  With 
the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  acid. 

Diffi — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  well  as  by  its  high  specilo  gravity.  Also,  when  massive, 
by  its  black  streak  from  hematite  and  limonlte. 

Obs. — ^Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  metamor- 
phio  rooks,  though  found  also  in  grains  in  eruptive  rocks.  In  the  ArdhsBan  rocks  the  beds  are 
of  immense  extent,  and  occur  under  the  same  conditions  as  those  of  hematite.  It  is  an  ingre- 
dient in  most  of  the  massive  variety  of  oorundum  called  emeiy.  The  earthy  magnetite  is 
foond  in  bogs  like  bog-iron  ore. 

Extensive  deposits  occur  at  Arondal,  Norway  ;  Dannemora  and  the  Taberg  in  Smaoland ; 
in  Lapland.     Fahlun  in  Sweden,  and  Oondca,  afford  octahedral  crystals. 

In  N.  America,  it  constitutes  vast  beds  in  the  Archasan,  in  the  Adirondack  region,  in 

Northern  N.  York ;  also  in  Canada ;  at  Cornwall  in  Pennsylvania,  and  at  Magnet  Cove, 

.Aikaasas.    Also  found  in  Putnam  Co.  (Tilly  Foster  Mine),  N.  Y.^  eta    In  Conn.,  at  Haddam. 

In  P<0»».,  at  Chester  Co. :  in  mioa  at  Pennsbury.    In  Ualifarrua^  in  Sierra  Co. ;  in  Plumas 

Co.,  and  elsewhere.     In  If,  Bootiay  Digby  Co.,  Nicholas  Mt. 

MAOKSSiOFKBBrrB  (mo^iu/tfrrfttf).— MigFe04.  In  ootahedxona;  resembling  magnetito. 
Tesnviua. 

FRANKUNITB. 

Isometric.  Habit  octahedral.  Cleavage:  octahedral,  indiBtiDct.  Alsc 
massive,  coarse  or  fine  granular  to  compact. 

H.=5*5-6'5.  Q.=5'069.  Lnstre  metallic.  Color  iron-black.  Strealt 
dark  reddish-brown.  Opaqne.  Fracture  conchoidaL  Brittle.  Acts  slightly 
on  tlie  magnet! 

Oompw — (Fe,Zn,Mh)  (Fe,Mo)04,  or  corresponding  to  the  general  formula  of  the  spmin 
group,  though  vaiying  much  in  relative  amounts  of  iron,  zinc,  and  manganese.  Analysis, 
Sterimg  HiU,  N.  J.,  \  FeO,  (57 -42,  AID,  065,  FeO  15  05,  ZnO  6-78,  MnO  »-53=10012,  Seyms 
Q.  ratio  for  B  :  B=l :  1  nearly.  In  a  crystal  from  Mine  Hill,  N.  J.,  Seyms  found  4*44  p.  c. 
MnOi. 

The  evolution  of  chlorine  in  the  treatment  of  the  mineral  is  attributed  by  v.  EobeU  to  the 
preaenoe  of  a  little  MnOt  (0.80  p.  o.)  as  mixture,  which  Rammelsberg  observes  may  have 
oome  from  the  oxidation  of  some  of  the  protoxide  of  manganese. 

Pyr.,  etc. — B.B.  infusible.  With  borax  hi  O.F.  gives  a  reddish  amethystine  bead  (man- 
ganese), and  in  B.F.  this  becomes  bottle-green  (iron).  With  soda  gives  a  bluish-green  man- 
ganate,  and  on  charcoal  a  faint  coating  of  zino  oxide,  which  is  much  more  marked  when  a 
mixtnro  of  borax  and  soda  is  used.  Soluble  in  hydrodhlorio  acid,  with  evolution  of  a  small 
amount  of  chlorine. 

Diff.— Resembles  magnetite,  bnfc  is  only  aUghtly  attracted  by  the  magnet ;  it  also  Maoti 
for  sine  on  oharooal  B.B. 

18 
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Ob«^^)c<nin  in  cnbio  ctptala  nea 
near  Aii  la  Cbapelle.  Abundant  a 
Stuling-  Hill,  in  Che  same  region. 

CBROMITB.*  Chromic  Iron.    Chiomeisemteiii,  Oem. 

Isometric  In  octahedrons.  Cointuonly  maeaive ;  etrncttire  fine  graiiii 
lar  or  compact 

IL=5-5.  G.=4-321-4-568.  Lustre  submetalUc  Streak  brown.  Color 
between  iron -black  and  brownieh-black.  Opaqne,  Fracture  uneven. 
Brittle.     Sometimes  magnetic. 

Oomp.— FcStOt,  OT  (Fe.H^.Cr)  (Al,Fe,€T)Oi.  FeeiO(=Iron  protoxide  32.  cbTomimi]  k»- 
quioxide  G8=100.     Uagnesia  is  genenill;  pretent,  and  in  amoonta  vairing  from  0-24  p.  a 

Pyr.,  etc. — B.B.  in  O.F.  intiuible;  in  B.F.  sliBhtlr  ronnded  on  the  edges,  and  beoomei 
nugnsUc,  With  borax  and  aalt  of  phosphorna  gfives  beode,  which,  while  hot,  show  oiily  a 
reaction  for  iron,  but  on  cooling  become  ohtome-green ;  the  green  oaloc  ia  heightened  bv 
(naion  on  charoool  with  metallic  tin.  Not  acted  upon  by  acids,  but  decomposed  1^  tosicii 
with  potaasinm  or  Bodinm  biaulphate. 

DiiC— Distingnighed  from  mngnetite  by  the  lenction  for  chromic  acid  with  the  blowpipe- 

Obs. — Occurs  in  Beipentine,  forming  Teins,  or  in  imbedded  ntaaaea.  It  Maiatd  In  giring  tba 
voiiegatGd  color  to  Terde-autiqne  marble.     Also  occura  in  meteoritea. 

Oocnra  in  &yn& ;  Bhetland  ;  in  Norway ;  in  the  DaparCment  dn  Var  in  France  ;  in  Sil<«ia 
and  Bobemia ;  in  the  Urala ;  in  New  Caledonia.  At  Baltimore,  Ud.,  in  the  Bare  Hills  ;  ai 
Cooptown.  In  Pcnnajlvoiiia,  in  Chester  Co.  ;  at  Wood'a  Mine,  near  Texas,  Lancaater  Co,. 
etc     Chester.  Hafl».     In  California,  in  Monterey  Co.,  etc. 

This  ore  aSorda  the  chromium  oxide,  used  in  punting,  etc.  The  ore  employed  in  EngUnd 
ia  obtained  mostly  from  Baltimore,  Drontheim  in  Norway,  and  the  Shetland  lalea. 

CHROMriOOTiTE  (PeteiMn).~-A  maguesian  chromite.     Color  black.     New  ZealaivL 


OBRTBOBERTIh 


Oi-tliorhombic     /A  /=  129"  33',  <?  A  1-i  =  129°  1 ' ;  iil:d  =  1-2285 : 
2-1267:1.    MAl  =  136"52',t-iA 
*~  477  2-a  =  128°  52".  i-J  A  14  =  120=  T. 

Plane  *-*  vertically,  striated ;  and 
sometimes  also  i~l,  and  other  verti- 
cal planes.  Cleava^:  1-1  quite 
distinct;  i-i  imperfect;  i-t  more 
so.  Twins:  twinning-planc  3-f, m 
in  f.  477  (sec  p.  97),  made  up  of  6 
parts  by  tlie  crossing  of  3  crystals. 
H.=8-5.  G.=35-3-84.  Lnstre 
vitreous.  Color  aspai-agus-green, 
grasB-greeu,  emerald-green,  green- 
ish-white,  and  yellowish-green, 
ioniPtimea  raspberry  or  colnmbine-red  by  transmitted  light  Streak  nucol- 
ored.  Tmnsparent— translucent  Sometimee  a  bluish  <'pale8ceiice  inW 
nally.     Fracture  concboidal,  unevea 
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▼ar.  1.  Ordinary, — Color  pale  green,  being  colored  by  iron.  G.=:3.697,  Haddam ;  8*784, 
Srazii;  3*089,  Ural,  Rose;  8*835,  Orenburg,  Eokscharof.  3.  Alexofndrite. — Color  emerald- 
green,  bnt  columbine-red  by  transmitted  light.  G.  =3*644,  mean  of  results,  Eokscharof. 
Supposed  to  be  colored  by  chrome.  Ciystols  often  Teiy  large,  Mid  in  twms,  like  f .  477, 
either  six-sided  or  six-rayed. 

Comp. — BeAlOi  =r  Alnmina  80  %  glnclna  19  '8=100.  Iron  is  also  often  present,  though  not 
in  the  transparent  varieties.    Isomoi-phous  with  chrysolite. 

P3rr.,  etc. — B.B.  alone  unaltered;  with  soda,  the  surface  is  merely  rendered  dull.  With 
borax  or  salt  of  phoephoroB  fuses  with  great  difficulty.  With  cobalt  solution,  the  powdered 
mineral  gives  a  bluish  color.     Not  acted  upon  by  acida 

I>i£ — DistingniBhed  by  its  extreme  hardness,  greater  than  that  of  topaz  ;  and  its  infuii 
bility ;  also  characterized  by  its  tabular  crystallization,  in  contrast  with  beryl 

Ofaa. — In  Brazil  and  also  Ceylon ;  at  Marchendorf  in  Moravia ;  in  the  Und;  in  the  Houmt 
Mew.  Ireland ;  at  Haddam,  Ct  ;  at  Norway,  Me. 

When  transparent,  and  of  sufficient  size,  chrysoberyl  is  cut  with  facets,  and  forms  a  beauti* 
fnl  yellowiah-green  gem.    If  opalescent,  it  is  usually  out  tn  edboehon. 


(d)  Deutoxides,  BO). 


Mutile  Choujp.    Tetragonal^ 

OASSrrEBmi.    Tin  stone.    Zinnstein,  Zinneiz,  Oerm. 

5' ;  c  =  q;6724._  1  A 1,  pyr.,  =  121^  40' ; 

:  /  and  iJ-*  hardly 
« X  .X  ^S  often  complex 

forms  through  the  many  modifying  planes  ;  sometimes  repeated  parallel  to 
all  the  eif^ht  planes  1-i;  also  f.  480,  a  raetagenic  twin.  Often  in  reniform 
bliapes,  structm'e  fibrous  divergent;  also  massive,  granular  or  impalpable. 


478 


479 


480 


H.=6-7.  G.=6-4-7*l.  Lustre  adamantine,  and  crystals  usually  splen- 
dent Color  brown  or  black ;  sometimes  red,  gray,  white,  or  yellow. 
Streak  white,  grayish,  brownish.  Nearly  transparent — opaque.  Fracture 
Bnbconchoidal,  uneven.     Brittle. 

Var^— 1.  Ordinary^  Tin-stone.  IhoiTBtals  and  maaave.  G.  of  ordinary  cryst.  6-06;  ol 
eoloileBB,  from  Tipuaui  U.,  Bolivia,  6*882,  Forbes.  2.  Wood  Tin  (Holx-Zinn,  Germ.).  Iv 
botrroidal  and  r^oiform  shapes,  oonoentric  in  structure,  and  radiated  fibrous  internally 
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of  tuid,  OB  it  ooonra  along  tlie  beda  ol  stieamB  or  in  the  grBvel  of  the  Bdjainjng'  legioo. 
it  tuu  been  derived  from  tin  Teina  or  rooks,  throngb  the  weat  And  decompoaition  of  Use  locki 
and  tnuiBportation  bj  water. 

Ooinp,-~SnO,  =  Tin78-6,  oxygen  21 -4— 100. 

PTT.,  etc. — B.B.  alone  nnalbered.  On  oharooal  with  aoda  ndaced  to  tnetaUio  tin,  rad 
gives  a  white  coating.  With  the  flnxea  aometimea  giTsa  Teaationa  for  iion  and  mangancat. 
kad  more  rarely  for  tantalic  oxide.     Only  slightly  a(^ed  upon  by  addK. 

DIS. — Distingoitlied  by  ita  high  specific  gravity,  ila  infnaibility,  and  by  iba  yielding  metiflk 
tin  B3.  from  some  varieties  of  garnet,  sphalerite,  and  black  tonrmaline,  te  which  it  hat 
•ome  resemblance.     Specific  gravity  (6-5)  higher  than  tJiat  of  miilo  (4). 

Obi.. — Tin  ore  is  met  with  in  veina  traveTsiiig  graoite,  gneisa,  mica  achiat,  chlorite  or  d^f 
•chiat,  and  porphyry.  Ooonrs  in  Cornwall :  in  Dcvonahire ;  in  Bohemia  and  Saxony ;  il 
Limogea ;  oJeo  in  Oalloia ;  Oreetiland ;  Sweden,  Kb  Finbo ;  Finland,  at  Pitkanuita.  In  the 
K  ladiea ;  in  Victoria  and  New  Sonth  Walea ;  in  large  qnantitlea  in  Qaeanaland.  In  Bc^ria, 
&  A. ;  in  Hexioo. 

Jn  the  United  States,  me ;  In  Maine,  at  Pails ;  In  2f.  Saa^,,  «t  I^rma ;  in  Oaltfcntia,  is 
Ban  Bernardino  Co. ;  in  IdaAa,  near  BoonviUe. 


Tetragonal.  OAl-i  =  147"  12i',  i  =  0-6442.  1 A 1,  pyr.,  =  123°  7i', 
/a1  =  132°  20'.  Cleavage :  /  and  t-t,  distinct;  1,  in  traces.  Tertical 
planes  usually  striated.  Crrstals  often  aoicnlar.  Twins :  (1)  twinning-plane 
l-»  (see  p.  94).  (2)  3-t,  maMng  a  wedge^lkaped  crystal  consisting  of  two 
individuals.  (3)  1-i  and  3-i  in  the  same  crystal  (fr.  Magnet  Cove,  Hessen- 
berg).    Occasionally  compact,  massive. 


aTBTeslIba.,aa. 

n.=6-6'5.  G.=;4'18-4'25.  Lustre  metallic-adamantiue.  Color  n-J' 
disli-brown,  passing  into  red;  sometimes  yellowish,  blaish,  t lolet,  black ; 
rarely  grass-green.  Streak  pale  brown.  Sabtransparent — opaqne.  B'rac- 
tare  Biibconclioidal,  nneven.     Brittle. 

Oomp.,  Var^-Titanic  oidde,  TiO,=OxygenSe,  tltanliunei=l(ia  SanetiMCSslttBeiKa 
is  present. 

P7T.,eto^B.B.  infusible.  With  aalt  of  photphoms  gives  a  colotleas  bead,  which  in K? 
•munea  *  violet  color  oa  oooUng.  Uoat  varieties  contain  iron,  and  give  a  Inownlah-yellm 
or  red  bead  in  R,  F.,  the  violet  only  appearing  after  treatment  of  the  bead  with  metaliio  til 
on  charcoal.  Insolnble  in  adds;  made  y^ln>iia  f^v  ^kiAh  nrfti,  an  aiv^if  a*  aIV^iIvia >whiviala 
The  sulatlon  containing  an  exoeos  of  a 
lIoIet-ODliir  when  oonoentrated. 
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DUL  Charaotemed  by  its  peonliar  Bab-adamantine  lustre,  and  brownish-red  color.  Diffen 
tiom  >  ormaline,  Yesnyianite,  augite  in  being  entirely  unaltered  when  heated  alone  B.ft 
Bpedtc  gravity  about  4^  cassitezite  6*5. 

0\Nk-  -Rutile  occurs  in  granite,  gneiss,  mica  slate,  and  syenitio  rooks,  and  sometimes  in 
granular  lunestone  and  dolomite.  It  is  generally  found  in  imbedded  crystals,  often  in  massea 
of  (|cartz  or  feldspar,  and  frequently  in  adoular  crystals  penetrating  quartz.  Very  commonly 
implanted  in  regular  position  upon  crystals  of  hematite,  as  from  Gavradi  in  the  Tavetechthal. 
Occurs  in  Norway;  Finland  ;  Saualpe,  Carinthia;  in  the  Urals ;  in  the  Tyrol ;  at  St.  Gothard 
near  Freiberg ;  at  Ohlapian  in  Transylvania. 

In  MainA,  at  Wazten.  In  Vermont,  at  Waterbury  and  elsewhere.  In  Mass. ,  at  Barre ; 
Shelbome;  Sheffield.  In  Gonn.^  at  Lane's  mine,  Monroe.  In  If.  Tork^  in  Orange  Co. ; 
BdenviUe;  Warwick.  In  P&nn.,  Chester  Co.  In  N.  Car.,  at  Crowder's  Mountain.  Ixt 
QwrgiOy  in  Habersham  Co. ;  in  Lincoln  Co.,  at  Graves'  Mountain.  In  Arkcmsas,  at  Magnet 
Cove. 

Titaniam  oxide  is  employed  for  a  yellow  oolor  in  painting  poroeUin,  and  also  for  giving  tb<« 
requisite  tint  to  artificial  teeth. 


Tetragonal     O  M-i  =  llO'^  22';  ^  =  1-77771.     Commonly  octaliedrai 
or  tabular.    1  A 1,  pyr.,  = 
97  51'.     JA1  =  158*18'.  484 

Cleavage :  1  and  O^  per- 
fect. 

H.=5-5-6.     G.=3-82- 
8'85 ;  sometimes  4*11-4*16 

after   heating.     Lustre  Bimienthai. 

metallic-adamantine.  Col- 
or yarioiis  shades  of  brown,  passing  into  indigo-blue, 
and    black;    greenish-yellow    by    tmnsmitted    light. 
Streak  oncolored.     Fracture  suboonchoidal.    JBrittie. 

Oon^.^ — Like  rutUe  and  brookite,  pnre  titanio  oxide. 

Pyr.,  etc. — Same  as  for  mtile. 

Obs« — Abundant  at  Bonrg  d'Oisans,  in  Dauphiny ;  also  in  the  Bin- 
nenihal  (indoding  here  Eenngott^s  wiseririA,  t  484.  as  shown  by  Klein.  Jahrb.Min.,  1875, 
897);    at  Pfitsch  Joch,  Tyrol;  near  Hof  in  the  Fichtelgeblrge ;  Norway;   the  Urals;  in 
Deycmshire,  near  Tavistock ;  at  Tremadoc,  in  North  Wales ;  in  Cornwall ;  in  Brazil  in  quartz. 
In  the  U.  States,  at  Smithfield,  B.  L 

HAUSHANNrrs.-— Mni04=2Mn0,Hn09.     Tetragonal,  0  A  1-1=130'' 25^     Color  brownish- 
black.     Thoringia ;  Han,  eto. 

BnAUNrrB.— 2(2MnO,lfnO«)+Mn09,8iOi.     Tetragonal,    OAl-t'sldS**   26'.      Color  dark 
bxownish-blaok.    Thnxingia :  Norway,  eta 

XmnM  (Mennige,  6^0r»i.).— Pba04=PbOt+2PbO.    Badenweiler ;  Wythe  Oa,  Ya.,  eta 


BROOKITB.* 


Orthorhombic  (?).  7a/=99*  50'  (-100-  60'):  OMl^^lSV  42'; 
i:i:d=^  1'1620  : 1-1883  : 1.    Cleavage :  /,  indistinct ;  0,  still  more  ao. 

H.=5'5-6.  G.=4-12-4-23, brookite;  4-03-4085, arkansite.  Ilair-brown, 
vcllowiflh,  or  reddish,  mth  metallic  adamantine  lustre,  and  translucent 
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(brookite);  also  ircn-black,  opaque,  and  Babmetallic   (artcandtct).     Stretl 
Docolored — grayiah,  yellowisli.     Biittlo. 


EUenviUe,  If.  T.  UUsk,  Unl. 


Omip.-'Piiro  titanio  oxide,  TiOi,  like  rutUe  and  ocCohedtito. 

Pyr^  etc. — Sajne  ta  fur  rutile. 

Olw — Brookite  oocum  at  Bonrg-  d'OigaiiB  in  Danphiny ;  at  St  Oothard ;  in  the  TJi*!*,  iie« 
Hiiuk  ;  in  thick  black  cr^BtaU  {arkanmU  t.  486)  at  Ms^iet  Cove,  ArkansaB.  aametiioeB  altered 
to  rutile  by  paramorphigm ;  at  ElloQville,  Ulster  Co.,  N.  T. ;  at  Paris,  Maine. 

Schmnf  has  announced  (AtlaaHia.,Beicb.  IT.)  thai  he  has  found  brookil«  to  tsoirumctUjat 
(and  isomorphouB  with  w<dfnuaite).  Ha  diBtinfruisbeB  three  typea  hajing  differeot  aziti 
tolationa.  The  meaanrementB  of  v.  Buth,  howerei,  eeem  to  ^ow  that  in  part  it  moU  ba 
erlAorhimiAic. 

EDUAmTs.-— ?rom  Cheateraeld,  MaM.,  may  be  identical  with  brookite. 


PTHOLUBrm,*  Polianita. 

Orthorhombic  /A  /  =  93"  40',  OM-i  =  143°  11' ;  i:l:d  =  (K76  : 
1*066  :  1.  Cleavage  /  and  i-i.  Also  columoar,  often 
divergent ;  also  gi-aimlar  niaasive,  and  frequently  iu 
reiiifnrra  coats.     Often  soils. 

H.=2-2-5.  G.=4  82.  Turner.  Lustre  metallic 
CJolor  iron-black,  dark  steel-gray,  sometimes  bluish. 
Streak  bla<:k  or  bltiisli- black,  Bumctimos  submctallic. 
Opaqne.     Rather  brittle. 

Oomp.— HnOi^Hanganese  GS'2,  azygen  36-8=100; 

Fyr.,  etc.— B.B.  alone  infoaible ;  on  charcoal  loses  oxygen.  A  maugaoese  i«actioii  with 
borax.     Affords  ahlorine  with  hydroobloric  acid. 

DiS. — Hardness  less  than  that  of  peilomelane.  DifFera  from  iron  ores  in  ite  leactiOD  fol 
manganese  B,  B.  Easily  distinguished  frocn  psilomelone  by  its  iaf erior  hardneas,  and  osiullr 
by  b^ing  crystaUiue. 

Obi. — Occurs  exteDsively  at  Elgerebe^  near  IlmenaQ  in  Thaiiniria;  at  Torderehcenadoif  in 
Horavla;  at  Flatten  in  Bohemia,  and  Ssewhere.  Occurs  in  the  United  States  in  Vermont 
at  Brandon,  etc. ;  at  Conw^.  Haas. ;  at  Winchester,  IT.  H. ;  at  Saliubniy  and  Kent,  Cdiul 
In  California,  on  Bed  island,  bay  of  San  Fraocisoo.  In  New  Brunswick,  oear  Bathoift.  In 
KoTa  Bcoda,  at  Walton ;  PiotoD,  etc 

Pyroluaite  anil  manganite  are  the  moat  important  of  the  ores  of  manganeM.  Pymlnriti 
paite  with  its  oxygen  at  a  red  beat,  and  is  extensively  employed  for  diBchai^ing  the  bnm 
aud  green  tints  of  gloss.     It  hence  received  its  name  from  'riip,  fire,  and  Aiiu.  to  vxuh. 

CaBDHBBTTK.—CQiMniOt,  or  3CaO+3MtiOi.     Foliated.    Color  bhuk.     Thnnngia, 
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B.  HYDROUS    OXIDfa. 
TUROTTE. 

Conipaut  libroiiB  and  divergent,  to  miiEBive;  often  botryoidal  and  Bt»> 
lactitiu  like  liraonite.     Also  earthy,  as  red  ochre. 

I  H.=5-6.  G.  =  3-5G-3-r4,  from  Ural;  4-29-4-49,  fr.  Hof;  4-6S1,  fr. 
Korbaosen;  414,  fr.  Salisbury.  Lustre  siibinetalliu  and  somewhat  Baliu- 
like  in  tiie  direction  of  the  fibrous  structure;  also  dull  earthy.  C3i)lor 
reddifih-black,  to  dai-k  red ;  bright-i^ed  wheu  earthy ;  botiyoidal  surface 
often  lustrous,  like  much  limouite.     Opaque. 

Ooiiip^H,FB,0,=IriMi  eeiquioiide  Oi'?,  water  6-8=100, 

Pyr.,  eto.— Heated  in  a  olosed  tube,  flies  to  pieces  in  a  renuurkable  Tnanimr  ■  yielcU  water. 
Otherwise  like  hematite. 

Difi, — DlBlinguished  from  heniadte  and  lJmoDit«  b;  its  Buperiot  hardness,  Uke  color  of  itt 
■tieak,  andB.B.  its  deorepitation. 

Oba! — A  verj  common  oie  of  iron.  Ocodis  at  the  Tu^nsk  copper  mine  near  So^olorak, 
in  the  Ural ;  near  Hot  in  Bavaria,  and  Siegen  in  Pnusia ;  at  florbausen.  In  the  D.  S.  it 
ooBiua  at  Salisbury,  Ot. 


Orthorhombic.       7a/=93°    42J',     0Ai-i  =  U7°    ISJ';    i:l:a  = 
0-64425  :  1-067  : 1.       HM-i  =  121'^  7^,    i-iAl-2  =  104° 
144'.   i-KAl  =  116"  54i'.     Crystals  usually  tliin,  flattened  ^M 

^rallel  to  irij  sometimes  auieular;  commonly  implanted. 
Cleavage:  V-i  eminent;  i-2  less  perfect.  Occurs  foliated 
massive  and  in  thin  scales;  sometimes  stalactitic. 

II.=6-5-7.  G.=3-3-3o.  Lustre  brilliant  and  pearly  on 
cleavage-face;  elsewhere  vitrooiis.  Color  whitish,  gi-avish- 
white,  creenish-Bray,  hair-bTOwn,  yellowish,  to  colorless; 
•ometimea  violet-blue  in  one  direction,  reddish  plumb-blue 
in  another,  and  pale  asparagus-green  hi  a  third.  When  tliin, 
translucent — subtranshicent.     Very  brittle, 

Oomp.— H,A10H=A!nmina  851,  water  14-9=100;  a  little  pbospboms 
pentoxide  is  often  pmsent. 

Fyi.,  etc. — 'In  the  closed  tube  decrepitatea  strongly,  eeftarating  into  pearly  white  bckIcb. 
and  at  a  high  temperature  yieliia  water.  The  variety  from  Sdiemnits  does  not  decrepiiaie. 
Infosfble  ;  with  cobalt  solution  gives  a  deep  blue  color.  Some  varieties  react  for  iron  with 
ihe  Qaxes.     Not  attacked  by  ooids.  but  after  ignition  becomes  soluble  in  sulpburio  acid. 

Difl. — Dietingniehed  (B,B.j  by  its  dccrepitatioii  and  yielding  water  ;  as  also  by  the  reaction 
for  alamina  with  cobalt  solution.     Benembles  some  Tarieties  of  hornblende,  bat  ia  harder. 

Oba. — Commonly  found  with  corn ndum  or  emery.  Ooonn  in  the  Ural;  at  SobemnitE, 
at  Brotldbo  near  Fahlun;  in  Switzerland  ;  ia  Asia  Minor,  and  the  Qreoian  islands ;  in  Chestei 
Co.,  Fa. ;  at  the  emery  mines  of  Chester,  Mass. ;  N.  OorolinB. 

Diatpore  was  named  by  Haiiy  from  Siaa^eipUj  to  scatter,  alluding  to  tiiB  ^mal  decrepitatioa 
before  thf  blowpipe. 


DESCBIPnVB   lONEBALOOT. 


oStbitb. 


Orthorhomb'c     I A 1=  94'  52'  (B.  &'M.);  Oa  1-t  =  146°  33'  -,  c:l:i 
=  0-66  : 1'089  : 1.     In   priamB  longitudinally  striated,  and 
401  often  flattened  into  suales  or  tables  parallel  to  the  shorter 

diagonal.  Cleavage:  brachydiagonaf,  very  perfect.  AIbo 
fibroiig;  foliated  or  in  scales;  iiiaeeive;  renifoi-m;  sUlac- 
titie. 

H.=5-65,  G.=4'0-4'4.  Lustre  imperfect  adatnantiDe. 
Color  yellowish,  reddish,  and  blackish- brown.  Often  blood- 
red  by  transmitted  light.  Streak  brownish-yellow — ochre- 
yellow. 

Vax. — 1.  In  thin  eoale-like  or  tabnlu  arfBtaJs,  nsnallj  attached  b]>  ont 
edge.  3.  In  adcnUr  or  uipillar;  (not  flexible)  crjBtalx,  or  Blender  priuna,  often  radiatel; 
grODped :  the  NeedU-Ironilone  {NaJd^ihenttein).  It  paaaaa  into  ffi)  a  varisly  with  a  velretj 
iorfaoe :  the  Prttbramite  (Sammetbiendt)  of  Pnibiom  is  of  this  kind.  Other  varieties  an 
colnmnar  or  flbrona,  scalj-fibrous.  or  feather7  columnar;  compact  maaaive,  with  a  flat  cca- 
chnidal  fraotore ;  and  aometimes  reniform  or  stalactiUc. 

Oomp— H,FeO,  =  H,FaO,  +  2FeO,^Iron  eesquioxide  899,  water  10-1=:100. 

Pyr.,  «tc — In  the  closed  tube  gives  o9  water  and  is  conreited  into  red  iron  aeBqnioxide, 
With  the  flaiea  like  hematite  ;  moat  varietiea  give  a  manganese  reaction,  and  aome  Deatad 
in  Uie  forceps  In  O.F..  after  moistening  in  aulphnrio  aoid,  impart  a  blniah-green  color  to  tlis 
Hame  (pbospboric  ncid).     Solnble  in  hydrochloric  acid. 

Oba. — Found  with  the  other  iron  oxides,  especial!;  hematite  or  limonite.  Oocom  at  Kaer 
feld  -,  in  Nassau ;  at  Zwiokaa  in  Saxony ;  in  Cornwall ;  in  SomersetahiFe,  at  the  Frovideuca 
iron  mines.  In  the  TJ.  Slates,  near  Uarqnette,  L.  Baperior;  in  Penn.,  near  Eaaton;  in 
California,  at  Bnms  Creeic,  Mariposa  Co. 

Named  OSlMU  after  the  poet^philosopher  Qothe ;  and  Pyrrhotidtrite  from  rrt'p^,  fire-rid, 
and  aiivpo!,  iroa. 

MAHOAinTB. 

Orthorhombic.  7a/=99''40',  0  A  1-i  =  147' 9f ;  6:1:  a  =  om5: 
1-185  : 1.  Twins:  twinning-plane  1-i  (f.  296,  p.  96).  Cleavage:  i-i  very 
perfect,  7  perfect.  Crystals  longitudinally  atiiated,  and  often  grouped  in 
bundles.    Also  columnar ;  seldom  granular;  stalactitic. 

H.=4.  G.=42— 4'4.  Lustre  siibmetallit:.  Color  dark  Bteol-gray — iron- 
black.  Streak  reddish-brown,  sometimes  nearly  black.  Opaque ;  minute 
splinters  sometimes  brown  by  transmitted  light.     Fi-acture  uneven. 

Coup.— H,MnO,=H,MnO(  +  SMnO,=:Hanganese  sesqniozida  89-8  (=Hn  SUS,  0  ilS), 
water  10-2-100. 

Pyr.,  etc In  the  closed  tabe  yields  water ;  otherwise  like  brannite. 

Oba,— Oocora  in  veina  trarersing  porphy r;,  at  Ileteld  in  the  Hars  \  in  Thuringia ;  Dndeniea 
in  Bweden;  Christianaand  in  Norway;  Cornwall,  at  various  places;  also  in  Ciimberiuid, 
Devonshire,  et«.  In  Nova  Sootia,  at  Chererie,  eta  In  New  ^nnavick.  at  Sliepody  nmtar 
tain,  Albert  Co.,  etc 


ZJUONlTil.    Brown  Hematite.    Branneijtenatein,  Germ. 

Usually  in  stalactitic  and  botryoidal  or  mammillary  forms,  having  a  fibTOu* 
or  subfibrons  structure;  also  concretionary,  massive;  and  occasiouallj 
earthy. 
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fl.=5~5'5.  G.=S'6-4,  Lustre  silky,  often  subraetallic ;  sometimes  dull 
and  earthy.  Color  of  surface  of  fracture  various  shades  of  brown,  com- 
monly dark,  and  none  bright ;  sometimes  with  a  nearly  black  varnish-like 
exterior ;  when  eaithy,  brownish-yellow,  ochre-yellow.  Streak  yellowish- 
brown. 

Tar.--  (1)  Compaet.  Submetallio  to  silky  in  lastre:  often  stftlaotitio,  botiyoidal,  eto.  (2) 
O^ireous  or  earthy,  brownish-yellow  to  ochre-yeUow,  often  impure  from  the  presence  of  day, 
sand,  eta  (8)  Bog  ore.  The  ore  from  matshy  places,  generaUy  loose  or  porous  in  texture, 
often  petrifying  leaves,  wood,  nuts,  eto.  (4)  Broion  cHayinmatone^  in  compact  masses,  often 
in  coDoretionary  nodules,  having  a  brownish-yellow  streak,  and  thus  distinguishable  from  the 
day-ironstone  of  the  spedes  hematite  and  siderite ;  it  is  sometimes  (a)  pisoUtio,  or  an  aggre- 
gation of  concretions  of  the  size  of  small  peas  (Bohnerz,  Oerm.)\  or  [b)  oolitio. 

Comp. — HeFe3O0=H6FeOa+FoOa=Iron  sesquioxide  85*6,  water  14'4=100.  In  the  bog 
ores  and  ochres,  sand,  day,  phosphates,  manganese  oxides,  and  humio  or  other  adds  of  oiganio 
origin  are  very  common  impurities. 

Pyr.,  tftc. — Like  gothite.  Some  varieties  give  a  skeleton  of  silica  when  fused  with  salt  of 
phosphorus,  and  leave  a  siliceous  reddue  when  attacked  by  acids. 

I>U3L — Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its  reac- 
tion for  water.     Does  not  decrepitate,  B.B.f  like  turgite. 

Obs. — Limonite  occurs  in  secondary  or  more  recent  deposits,  in  beds  associated  at  times 
with  barite,  dderite,  calcite,  aragonite,  and  quartz ;  and  often  with  ores  of  manganese ;  alsu 
as  a  modem  marsh  depodt.  It  is  in  all  cases  a  result  of  the  alteration  of  other  ores,  through 
exposure  to  moisture,  air,  and  carbonic  or  organic  adds ;  and  is  derived  largely  from  the 
change  of  pyrite,  dderite,  magnetite,  and  various  mineral  spedes  (such  as  mica,  augite,  horn- 
blende, etc.  >,  which  contain  iron  in  the  protoxide  state. 

Abundant  in  the  United  States.  Extensive  beds  exist  at  Salisbury  and  Kent,  Oonn.,  also 
in  the  neighboring  towns  of  N.  Y.,  and  in  a  similar  dtuation  north;  at  Richmond  and  Lenox, 
Masfiw ;  in  Vermont,  at  Bennington,  eto. 

Limonite  is  one  of  the  most  important  ores  of  iron.  The  pig  iron,  from  the  purer  varieties, 
obtained  by  smelting  with  charcoal,  is  of  superior  quality.  That  yielded  by  bog  ore  is  what 
is  termed  eoid  short,  owing  to  the  phosphorus  present,  and  cannot  therefore  be  employed  in 
the  manufacture  of  wire,  or  even  of  sheet  iron,  but  is  valuable  for  casting.  The  hard  and 
compact  nodular  varieties  are  employed  in  polishing  metallic  buttons,  etc 

HkIjANOSIDBritk. — Near  limonite,  but  containing  7*39  p.  o.  SiOi,  perhaps  as  an  impurity. 
Cooke  regards  it  as  a  veiy  bade  silicate  of  iron.     G.  =3*39.     Westdiester,  Penn. 

Xanthostobbitb.— H4FeO»=FeOs  81*6,  HaO  18*4=100  ;  or  H<FeOe  (Bamm.).  In  fine 
needles.     Color  yellow,  brown.     Umenau  ;  the  Harz. 

Beauxite. — Occurs  in  concretionary  grains.  Color  whitish  to  brown.  Compodtion  doubt- 
ful, perhaps  ^(Fe)0a+2aq.  Beaux,  near  Aries,  France ;  near  Lake  Wochein,  Styria  {iDoehei- 
niU)'y  French  Guiana. 


BRUOITB.* 


Rhombohedral.     5a^  =  82^  22i',   6>a5  =  119*'  39i';   (5=l-5207£ 
(Hessenberg).     Crystals  often  broad  tabular.     Cleavage:  basal,  eminent 

493  493 


Low*s  Mine,  Texas.  Wood's  Mine,  Texas. 

folia  easily  separable,  nearly  as  in  gypsum.     Usually  foliated   massiva 
Also  fibrous,  fibres  separable  and  clastic. 


282  DESCSIPTIYE  MINEBALOQY. 

H.=2*5.     G.=2*35-2'44.    Lustre  pearly  on  a  cleavage-face,  elsewhere 
between  waxy  and  vitreoiis ;  the  fibrous  silky.     Color  white,  inclining  to 
ray,  blue,  or  green.    Streak  white.    Translucent — subtranslucent    Sectile. 
hin  laminsB  flexible. 


I' 


Oomp HaMgOs^Magnesia  G9,  water  31=100. 

Var. — 1.  Foliated.    2.  Fibrous ;  called  nemaUte,  contaiziing  4  or  5  p.  c.  of  FeO. 

Pyr.,  etc. — In  che  doeed  tube  gives  off  water,  becoming  opaqne  and  friable,  someUmef 
taming  gray  to  brown.  B.B.  infuable,  glows  wi^  a  bright  light,  and  the  ignited  mineral 
reacts  alkaline  to  test  paper.  With  cobalt  solution  gives  the  violet-red  color  of  magnesia. 
The  pure  mineial  is  soluble  in  acids  without  effervescence. 

DJiL— Distinguished  by  its  infusibility.     Differs  from  talc  in  its  solubility  in  acids. 

Obs. — Bmcite  accompanies  other  magnesian  minerals  in  serpentine,  and  has  also  been  found 
in  limestone.  Occurs  at  Swinaness  in  Unst,  Shetland  Isles ;  in  ike  Urals ;  at  Goujot  in 
France  ;  near  Filipstodt  in  Wermland.  It  occurs  at  Hoboken,  N.  J. ;  in  Richmond  Ca,  N.  7. ; 
at  Brewster,  N.  T.  ;  at  Texas,  Pa.  The  fibrous  variety  {nemaUte)  oocuis  at  Hoboken,  and 
at  Xettes  in  the  Vosges. 

OIBBSITB. 

Monoclinic  (DesCl.).  In  small  hexagonal  crystals  wi';h  replaced  lateral 
edges.  Planes  vertically  striated.  Cleavage  :  basal  or  O  eminent.  Occa- 
sionally in  lamello-radiate  spheroidal  concretions.  Usually  stalactitic,  or 
small  mammillary  and  incrusting,  with  smooth  surface,  and  often  a  faint 
fibrous  structure  within. 

H.=2'5-3'6.  G.=2*3-2*4.  Color  white,  grayish,  greenish,  or  reddish- 
white  ;  also  reddish-yellow  when  impure.  Lustre  of  O  pearly ;  of  other 
faces  vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes 
transparent  in  crystals.  A  strong  argillaceous  odor  when  breathed  on. 
Tougli. 

Var. — 1.  In  crystals :  the  original  hydrar^^te.    2.  Stalactitic ;  gibbsite, 

Oomp.— H67V10«=Alumina  055,  water  34 '5=100. 

Pyr.,  etc. — In  the  closed  tube  becomes  white  and  opaque,  and  yields  water.  B.B.  infosiblef 
whitens,  and  does  not  impart  a  gi-een  color  to  the  flame.  With  cobalt  solution  gives  a  deep- 
blue  color.     Soluble  in  concentrated  sulphuric  acid. 

Difi.  '-Resembles  chalcedony  in  appearance,  but  is  softer. 

Obs. — The  crystallized  gibbsite  occurs  near  Slatoust  in  the  Vial;  at  Gumuchdagb,  Asia 
Minor;  on  corundum  at  Unionyille,  Pa.;  in  Brazil  The  stalactitic  occurs  at  Richmond, 
Mass.;  at  the  Clove  mine,  Duchess  Co.,  N.  T.;  in  Orange  Co.,  N.  Y. 

Rose's  hydrargiUite  (Urals,  1839)  is  identical  with  gibbsite  (Torrey,  1822),  and  must  receive 
this  name.  An  uncertain  mineral  from  Richmond  afforded  Hermann  88  p.  a  of  phosphoxio 
acid,  but  a  phosphate,  if  it  really  occurs  there,  is  not  gibbsite. 

pYBOCnROiTE.— HsMn09=Manganese  protoxide  79*8,  water  20'2=:100.  Foliated.  Colaz 
white.     Mine  of  Paisberg,  Filipstadt,  Sweden. 

Hydbotalcitb  from  Snarum,  Norway,  and  Yolknebite  from  the  Urals,  contain  alumina, 
magnesia,  and  water  with  more  or  less  carbon  dioxide.  Probably  mixtures,  containing 
brucite,  gibbsite,  etc.  Hougutte  from  Oxbow  and  Rossie,  N.  T.,  is  a  similar  mineral 
derived  from  the  alteration  of  spinel.  Namaqualitb  {Church),  A  related  mineral;  from 
Namaqualand,  So.  Africa. 


PBILOMIIUkNB* 


Massive  and  botryoidal.     Reniform.     Stalactitic. 
II.=5-6.     G.=3"7-4-7.     Lustre   siibmetallic.     Streak    brownisli-black, 
fthining.     Color  iron-black,  passing  into  dark  steel-gray.     Opaque. 
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Cktmp^ — Somewhat  doubtfoL  Contains  manganese  oxide,  with  yarying  amounts  of  Iniyta. 
ind  potash  (Uthia),  and  also  water.  Gkneral  formula,  aooording  to  Bammelsbezg,  BftOi  =Bu 
+4Mn09,  where  B  is  Kaa.  Ba  or  Mn.    Analyses : 

O       HnO     BaO      KsO      HsO 

1.  Thttringen    11-43    «5-76    1659     5-25    CuO 0-59,  OoO  0*79,  OaO  051  =  100-7S 

Olsohewsl^. 
a  Umenaa        1582    77-23      0-12      529     CaO  0-91,  OuO  0-40=9977  Clausbruoh. 

Pyr.,  etc. — In  the  oloeed  tube  most  varieties  yield  water,  and  all  lose  oxygen  on  ignition : 
with  the  flaxes  reacts  for  manganese.  Soluble  in  hydrochlorio  add,  with  evolution  of 
chlorine.  . 

Ob)i. — This  is  a  common  ore  of  manganese.  It  ooours  in  Devonshire  and  Cornwall ;  at 
Def eld  in  the  Harz ;  also  at  Johanngeorgeustadt ;  Schneeberg ;  Ilmenaa ;  Si^gen,  etc.  It 
forma  manunillary  masses  at  Chittenden,  Irasbuxg,  and  Brandon^  Yt. 


WAD. 

The  manganese  ores  here  included  occnr  in  amorphous  and  reniform 
masses,  either  earthy  or  compact,  and  sometimes  incrustinff  or  as  stains. 
They  are  mixtures  of  different  oxides,  and  cannot  be  consiaered  chemical 
compounds  or  distinct  mineral  species. 

Il.=0-5-6.  G.=3-4-26 ;  often  loosely  aggregated,  and  feeling  very  light 
to  the  hands.     Color  dull  black,  bluish  or  brownish-black. 

Oomp.,  Tar. — ^Perhaps  HsMn90ft=2Mn09+aq  (Bammelabeig),  bat  in  all  oases  mixed  with 
other  ingredients. 
Varieties :  (A)  Manganesian ;  (B)  Cobaltiferous ;  (0)  Cupriferous^ 

A.  Boo  lL\NOANESB. — Consists  mainly  of  manganese  dioxide  and  water,  with  some  iron 
leequioxide,  and  often  silica,  alumina,  baryta. 

B.  AsBOLiTB,  or  Earthy  Cobalt,  is  wad  containing  cobalt  oxide,  which  sometimes  amonntfl 
to  32  p.  o.     LithiophoHU^  Iieterogenite,  and  rabdionite  belong  near  here. 

C.  Lahpaditb,  or  Cupreous  Muiganese.  A  wad  containing  4  to  18  p.  o.  of  copper  oxide, 
and  often  cobalt  oxide  also.     It  graduates  into  black  copper  (Melaoonite).     G.  =3*  1-3*2. 

P3^.,  etc. —  Wad  reacts  like  p&omelane.  Earthy  cobttU  gives  a  blue  bead  with  salt  of 
phosphorus,  and  when  heated  in  B.F.  on  charcoal  with  tin,  some  specimens  yield  a  red  opaque 
bead  (copper).  Cupreous  manganese  gives  similar  reactions,  and  three  varieties  give  a  ntrong 
manganese  reaction  with  soda,  and  evolve  chlorine  when  treated  with  hydrochloric  acid. 

Oba« — The  above  ores  are  results  of  the  decomposition  of  other  ores — partly  of  oxides,  and 
partly  of  manganesian  carbonates.  Wad  or  bog  manganese  is  abundant  in  the  counties  of 
Columbia  and  Dutchess,  N.  T.  There  are  large  deposits  of  bog  manganese  at  Blue  HiU  Bay, 
Dover,  and  other  places  in  Maine. 

Earthy  cobalt  occurs  at  Biecbelsdorf  in  Hesse;  3aalfeld  in  Thuringia;  at  Nertschinsk  in 
Siberia ;  at  Alderly  Edge  in  Cheshire. 

Chalcophakitb. — Shombohedral.  In  druses  of  minute  tabular  crystals  ;  also  in  stalaoti- 
tic  aggregates.  H.=2-5.  G.— 8-907.  Lustre  metallic.  Color  bluish-black.  Analysis  gav« 
KnO,  59*94,  MnO  658,  ZnO  21*70,  ¥f^t  0*26,  H«0  ll-58=:100'05.  Composition  2MnO.+ 
(Mn,Zn)0  +  2aq.  If  half  the  water  were  basic,  the  formula  might  be  written  2RMnOs +aq, 
where  B  =  Mn,^  and  Ha.  B.B.  becomes  of  a  copper  color,  hence  the  name  (^aAxJs,  hraaa, 
bronze,  and  q>aiv(M),  to  appear).     Stirling  Hill,  N.  J.    (Moore,) 
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S.  OXIDES  OF  Elekents  of  thb  Absknio  and  Sulfhub  Gbotjfb^  Sbbub  II. 


valbnunitei. 


Cferm, 


Orthorhombic.     /A I  =  136** 68' ;  (9 A 14  =  105** 35';  i:i:d  =  3-5R68 : 

2*5365  : 1.  Often  in  rectangular  plates  with  the  lateral 
edges  bevelled,  and  in  acicular  rhombic  prisms.  Cleav- 
age:  /,  highly  perfect,  easily  obtained.  Also  massive; 
structure  lamellar,  columnar,  granular. 

H.=: 2-5-3.  G.=5;566,  crystals  h'om  Braunsdorf. 
Liistre  adamantine,  i-i  often  pearly ;  shining.  Culor 
snow-white,  occasionally  peach-blossom  red,  ana  ash-gray 
to  brownish*  Streak  white.  Translucent — subtrans* 
parent 

Oomp.— Sba0a=0z7g«n  16*44,  antimony  88*56=100. 
Obs. — Found  at  Przibram  in  Bohemia;  at  Felsobuija  in  Hosgaiy; 
Bz&nnsdorf  in  Saxon  j.     Also  at  South  Ham,  Canada  East 

SEif  ARMONTiTE.'^Same  composition  as  the  above,  but  orystaUizes  in  isometric  octahe- 
drons.    Q.  =5*2-5  8.    Femeck,  Hungary;  Cornwall;  Haraclas  in  Algeria :  S.  Ham,  Canada. 

Claudbtite  ;  Arsbnolitb. — ^Both  AsaOs.  The  former  is  orthorhombic,  the  latter  iso- 
metric. They  tiius  correspond  to  the  two  forms  of  SbaOa  (see  above).  Glaudetite  (G.  =3*85) 
occurs  in  thin  plates  at  the  San  Domingo  mines,  Portugal  ^r«^i^'^  (G.=  3*608)  ocean 
usually  in  capillary  ciystals,  also  rtalactitic;  eartiiy.  Andreasbeig;  Joachimsthal ;  Cora- 
wall  ;  Ophir  mine,  Nevada ;  California. 

BisMiTE  (Wismuthocker,  (?0nn  ). — BiaOs.  Occurs  massive,  earthy.  Schneebeig;  Joachims 
thai;  Comwal].     ExRELiNrrB. — 8BiO+BiS.    Massive.     Color  lead-gray.    G.=6'60.    Savo- 
dinsk  mine  in  the  Altai. 

MoLTBDiTE  (Molybdanocker,  Oerm.). — Composition  HoOt.  In  radiated  crystallizations,  ai 
an  incrustation,  etc.  Occurs  with  molybdenite.  At  Westmoreland,  New  Hampshire ;  Chester, 
Penn. ;  Virginia  City,  Nevada.     iLBEMANNriE,  near  the  above.    Bleibeig,  Carinthia. 

TuNGBTJTE. — WOa.  Pulverulent  and  earthy.  ComwaU;  Monroe,  CL  Mbtxacitj! 
(Camot). — A  hydrated  tungstite.     Meymao,  Correae. 

Kbbmebitb  (Antlmonblende,  Germ.). — Composition  SbaSaO=2SbaSa+SbaO|.  In  capillai^ 
oystals.     Color  cherry-red.     Braunsdorf,  Saxony ;  AHemont ;  South  Ham,  Canada  East 

Obbyantitb.— SbOt=SbaOa+SbaO».  Color  yellow.  Besults  from  altezatioa  of  stibnitft 
Spain ;  Tuacany ;  Hungary,  eta ;  South  Ham,  Canada. 


8.  OXIDES  OF  THB  Cabbon-silicon  Gboup,  Sebiks  II. 


QUAllTZ.* 


Shombohedral,  and  for  the  most  part  heraihedral  to  the  rhombohedron 
(or  tetartohedral  to  the  hexagonal  prism),  if  A  ^  =  94**  15',  <?  A  ^  =  128' 
13' ;  cf  =  1-0999.  i  A  2-2  =  142^  2*,  R  A  -1,  ov.  i,  =  103°  34',  B  A  -1,  adj^ 
==  133^  44',  BM,  ov.  2-2,  =  113**  8'.  Cleavage :  ff,  —1,  and  i  very  iudis- 
tinct:  sometimes  effected  by  plunging  a  heated  crystal  in  ec^ld  water. 
Cr3'stals  sometimes  very  short,  but  general  habit  prismatic;  the  orjstab 
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mnch  elongated,  Bometimes  fine  acicnlar;  nsually  implanted  by  one 
extremity  of  the  prism.  Prismatic  faces  i  commonly  striated  horizontally, 
and  thus  distingiiishable,  in  distorted  crystals,  from  the  pyramidal.  Crys- 
tals often  grouped  by  juxtaposition,  not  proper  twins.  Irequently  in  radi- 
ated masses  with  a  surface  of  pyramids,  or  in  druses  having  a  surface  of 
pyramids  or  short  crystals.  Twins :  twinning-plane,  (1),  the  basal  plane 
0  (f .  506) ;  very  generally  j)enetration-twins,  as  illustrated  in  f ,  266,  p.  89. 
(2)  The  pyramid  1-2,  truncating  the  ed^e  between  +li  and  — -ff,  divergence 
of  axes  84**  33'.    Other  methods  of  twinning  rare,  parallel  to  i,  to  ^,  to 


4»5 


496 


497 


508 


499 


500 


501 


602 


^ix 


V^ 


i 


\Rj  etc.  (Jenzsch).    Also  in  pseudo-trillings  on  calcite,  with  2-2  as  the 
approximate  twinning-plane  (see  f.  336,  p.  101). 

Massive;    coarse    or  fine  granular  to  fiint-like  or  crypto-crystalline 
Sometimes  mammillary,  stalactitic,  and  in  concretionary  forms. 


604 


605 


506 


H.=7.  G.=:2*5-2-8 ;  2-64:13-2"6541  (Bendant).  Lustre  vitreous,  some 
times  inclining  to  resinous  ;  splendent — nearly  dull.  Colorless  when  pure : 
often  various  shades  of  yellow,  red,  brown,  green,  blue,  black.  Streak 
white,  of  pure  varieties ;  if  impure,  often  the  same  as  the  color,  but  much 

Salcr.    Transparent — opaque.     Fracture  perfect  conchoidal — subconchoi* 
al.    Tough — brittle — mable.    Polarization  circular,  see  pp.  142-144. 
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Oomp.~Pare  Rilioa,  or  SiOa^Oxygen  53*33,  silicon 46*67=100.  In  masrive  TarieiieB ofMa 
mixed  with  a  little  opal-silica.  Impure  varieties  contain  iron  sesquiozide,  cal<uam  oarbonatei 
day,  sand,  and  various  minerals. 

Var. — 1.  Crystallized  (phenocrystalline),  vitreous  in  lustre.  2.  Flint-like,  massivef  or  Gryp- 
tocrystalline.  The  first  division  includes  all  ordinary  vitreous  quartz,  whether  having  ciy»- 
tallme  faces  or  not.  The  varieties  under  the  second  are  in  general  acted  upon  somewhat  morg 
by  attrition,  and  by  chemical  agents,  as  fluohydric  acid,  than  those  of  the  first  In  all  kinds 
inade  np  of  layers,  as  agate,  successive  layers  are  unequally  eroded. 

A.   FHENOCBTSTALLIKE  or  YiTREOVB  YABISTIEa 

1.  Ordinary  CrystaJMzed ;  Bock  Crystal.  OUotiess  quartz,  or  nearly  ao,  whether  in  dis- 
tinot  crystals  or  not. 

2.  Asteriated;  ^ar  quartz  (Stemquartz,  Oerm,),  Containing  within  the  crystal  whitish 
or  colored  radiations  along  the  diametral  planes. 

8.  Annethystine ;  AmeOiyst,  Clear  purple,  or  bluieh-violet.  The  color  is  suppoeed  to  be 
due  to  manganese. 

4b  Bose,  Bose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive,  and  then 
usually  much  cracked.  Lustre  sometimes  a  little  g^reasy.  Fuohs  states  that  the  color  is  due 
to  titanic  oxide.     It  may  come  in  part  from  manganese. 

5.  Te^kno;  False  Topaz,  Yellow  and  pellucid,  or  nearly  so ;  resembling  somewhat  yellow 
topaz,  but  very  different  in  crystallization  and  in  absence  of  cleavage. 

6.  Smoky ^  Cairngorm  Stone.  Smoky-yellow  to  smoky-brown,  and  often  transparent ;  but 
varying  to  biownish-black,  and  then  nearly  opaque  in  thick  crystals.  The  color  is  due  to 
organic  compounds,  according  to  Forster. 

7.  MUky.  Milk-white  and  nearly  opaque.  Lustre  often  greasy,  and  then  called  Orea^ 
quartz. 

8.  CaVa  Eye  (Katzenauge,  Oerm.).  Exhibiting  opalescence,  but  without  prismatic  colon, 
an  effect  due  to  fibres  of  asbestus. 

9.  Av&nturine.     Spangled  with  scales  of  mica  or  other  mineral. 

10.  Impure  from  the  presence  of  distinct  fninerals  distributed  densely  through  the  masi. 
The  more  oommon  kinds  are  those  in  which  the  impurities  are  :  (a)  fen'uginous,  either  red  oi 
yellow  iron  oxide;  (6)  o/tloritic^  some  kind  of  chlorite ;  (c)  actincUtic;  {d)  mieaceotis;  {e^are^ 
naoeouSy  or  sand.  Quartz  crystals  also  occur  penetrated  by  various  minerals,  as  topaz,  oonm- 
dum,  chiysoberyl,  garnet,  different  species  of  the  hornblende  and  pyroxene  groups,  mtile, 
hematite,  gothite,  etc.,  etc. 

Containing  Uquids  in  cavities.  These  liquids  are  seen  to  move  with  the  change  of  positieD 
of  the  crystal,  provided  an  air-bubble  be  present  in  the  cavity.  The  liquid  is  either  water 
(poie,  or  a  mineral  solution),  carbon  dioxide,  or  some  petroleum-like  or  other  compound. 

B.  Crtptocbystallikb  Yarietibs. 

1.  Chalcedony.  Having  the  lustre  nearly  of  wax,  and  either  transparent  or  transIncenL 
Color  white,  grayish,  pale-bro«-n  to  dark-brown,  blac^ ;  tendon-color  common ;  sometimeB  deli- 
cate blue.  Also  of  other  shades,  and  then  having  other  names.  Often  mammillary,  botzyoi* 
ilal,  stalactitic,  and  occurring  lining  or  filling  cavities  in  rocks.  It  is  true  quartz,  with  some 
disseminated  opal. 

2.  CameUan.  A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish-red  to  brown, 
the  latter  kind  reddish- brown  by  transmitted  light. 

3.  Chrysoprase,  An  apple-nreen  chalcedony,  the  color  due  to  the  jnreaenoe  of  nickel 
oxide. 

4.  Prase,  Translucent  and  dull  leek-green ;  so  named  from  rrpdaov^  a  leek.  Always  regarded 
as  a  stone  of  little  value.     The  name  is  also  given  to  crystalline  quartz  of  the  same  color. 

6.  Plaama.  Bather  bright-green  to  leek-green,  and  also  Hometimes  nearly  emerald-green, 
and  snbtranslucent  or  feebly  translucent;  sometimes  dotted  with  white.  Heliotrope,  or 
Bbod-^tane,  is  the  same  stone  essentially,  with  small  spots  of  red  jasper,  looking  like  drops  of 
blood. 

6.  Agate.  A  variegated  chalcedony.  The  colors  are  either  banded  or  in  clouds,  or  dne  to 
visible  impurities,  a.  Banded,  The  bands  are  delicate  parallel  lines,  of  white,  tendon-like, 
wax-like,  pale  and  dark-brown,  and  black  colors,  and  sometimes  bluish  and  other  shades. 
They  follow  waving  or  zigzag  courses,  and  are  occasionally  concentric  circular,  as  in  the  eye- 
agate.  The  bands  are  the  ed^es  of  layers  of  deposition,  the  agate  having  been  formed  by  a 
de])opit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks,,  and 
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deriTiog  their  ooncentxic  waving  conrses  from  the  irregfolarities  of  the  walls  of  the  cayitj 
Owing  also  to  the  unequal  porosity,  agates  may  be  varied  in  color  by  artificial  means.  /?.  It- 
regularly  olouded.  The  colors  various,  as  in  banded  agate,  y.  Cohra  due  to  vmble  impurities, 
mcluding.  Moss-agate^  filled  with  brown  moss-like  or  dendritic  forms  distributed  through  the 
mass ;  DendriUe  Agate^  containing  brown  or  black  dendritic  markings.  There  is  also  Agatieed 
ttvod  :  wood  petrified  with  clouded  agate. 

7.  Onyx.  Like  agate  in  consisting  of  layers  of  different  colors,  but  the  layers  are  in  evcB 
planes,  and  the  banding  therefore  straight,  and  hence  its  use  for  cameos,  the  head  being  oat 
in  one  color,  and  another  serving  for  the  background.  The  colors  of  the  best  arc  perfecUj 
well  defined,  and  either  white  and  black,  or  white,  brown  and  black  alternate. 

8.  Sardonyx.  Like  onyx  in  structure,  but  includes  layers  of  carnelian  (sard)  along  with 
others  of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 

9.  Jaep^.  Impure  opaque  colored  quartz,  {a)  lied  iron  sesquioxide  being  the  coloring 
matter,  {b)  Brownieh,  or  ochre-yellow,  colored  by  hydrous  iron  sesquioxide,  and  becoming  red 
when  so  heated  as  to  drive  off  the  water,  (c)  Dark-green  and  brownish-green,  (d)  Grayish- 
blae.  [e)  Blackish  or  brownish-black.  (/)  Striped  or  riband  jasper  (Bandjaspis,  Gei^m.), 
having  the  colors  in  broad  stripes,  {g)  Egyptian  jasper ^  in  nodules  which  are  zoned  in  brown 
and  yellowish  oolors.  Poredain  jasper  is  nothing  but  baked  clay,  and  differs  from  true  jasper 
m  b^ng  B.B.  fusible  on  the  edges.  Jied  porphyry^  or  its  base,  resembles  jasper,  but  is  also 
fusible  on  the  edges,  being  usually  an  impure  feldspar. 

10.  Agate-Jasper.    An  agate  consisting  of  jasper  with  veinings  and  cloudings  of  chalcedony. 

11.  iiilieeous  sinter.  Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain- 
ing silica  or  soluble  silicates  in  solution. 

12.  J^Unt  (Feuerstein,  Germ. ).  Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of 
dull  colors,  usually  gray,  smoky-brown,  and  brownish-black.  The  exterior  is  often  whitish, 
from  mixture  with  lime  or  chalk,  in  which  it  is  imbedded.  Lustre  barely  glistening,  sub- 
vitreous.  Breaks  with  a  deeply  conchoidal  fracture,  and  a  sharp  cutting  edge.  The  flint  of 
the  chalk  formation  consists  hugely  of  the  remains  of  infusoria  (Diatoms),  sponges,  and  other 
marine  productions.  The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceoua 
matter. 

13.  Homstone  (Homstein,  Germ.).  Resembles  flint,  but  more  brittle,  the  fracture  more 
splintery.  Chert  is  a  term  often  applied  to  hornstone,  and  to  any  impure  flinty  rook,  includ- 
ing the  jaspers. 

14^  liojtanite,  Lydian  Stone  or  Touchstone.  A  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  and  black  color  for  trying  the  purity  of  the  precious  mettds. 
The  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced  eye 
the  amount  of  alloy.    It  is  not  splintery  like  hornstone. 

P3rr.,  eto. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  with  soda  dis- 
solves with  effervescence  ;  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydrochloric 
acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies.  When  fused  and 
cooled  it  becomes  opal-silica,  having  G.  =2  3. 

Diff. — Quartz  is  distinguished  by  its  /lardness — scratching  glass  with  facility ;  tnfiisibiiit$ 
— not  fusing  before  the  blowpipe  ;  insolubiUty— not  attacked  by  water  or  the  adds ;  uncleav€h 
bUity — one  variety  being  tabular,  but  proper  cleavage  never  being  distinctly  observed.  To 
these  characteristics  the  action  of  soda  B.  B.  may  be  added. 

Oba. — Quartz  occurs  as  one  of  the  essential  constituents  of  granite,  syenite,  gpieiFS,  mica 
BcUst,  and  many  related  rocks  ;  as  the  principal  constituent  of  quartz-rock  and  many  sand- 
stones ;  as  an  unessential  ingredient  in  some  trachyte,  porphyry,  etc. ;  as  the  vein-stone  in 
various  rocks,  and  for  a  largo  part  of  mineral  veins ;  as  a  foreign  mineral  in  the  cavities  of  trap, 
basalt,  and  related  rocks,  some  limestones,  etc.,  making  geodes  of  crystals,  or  of  chalcedony, 
agate,  carnelian,  etc. ;  as  imbedded  nodules  or  masses  in  various  limestones,  constituting  the 
flint  of  the  chalk  formation,  the  homstone  of  other  limestones — these  nodules  sometimes 
becoming  continuous  layers ;  as  masses  of  jasper  occasionally  in  limestone.  It  is  the  principal 
material  of  the  pebbles  of  gravel  beds,  and  of  the  sands  of  tifie  sea-shore  and  sand  beds  every- 
where. Silica  also  occurs  in  solution  (but  mostly  as  a  soluble  alkaline  silicate)  in  heated 
natural  waters,  as  those  of  the  Geysers  of  Iceland,  New  Zealand,  and  California,  and  the 
Yellowstone  Park,  tdid  very  sparingly  in  many  cold  mineral  waters. 

^  Switzerland,  Dauphiny,  Piedmont,  the  Carrara  quarries,  and  numerous  other  foreign  locali- 
tiea,  afford  fine  specimens  of  rock  crystal.  Amethysts  are  brought  from  India,  Ceylon,  and 
Persia,  also  Transylvania.  The  amygrdaloids  of  Iceland  and  the  Faroe  Islands,  afford  magni- 
ftocnt  specimens  of  ehaicedony ;  also  Hiittenberg  and  Loben  in  Carinthia,  etc.  The  finest 
eameLians  and  agates  are  found  in  Arabia,  India.  Brazil,  Surinam,  Oberstein,  and  Saxony. 
CaVs  eye^  in  Ceylon,  the  coast  of  Malauar,  and  also  in  the  Harz  and  Bavaria.  Meliatropej  im 
Uucharia,  Ta  taxy,  Siberia. 
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In  Kew  York,  quarts  osystalB  are  abundant  in  Herkimer  Co.  Fine  dodecahedral  eiyfitali, 
at  the  beds  of  specnlar  iron  in  St.  Lawrence  Co.  In  Antwerp,  Jefferson  Co.,  at  DJamood 
Island  and  Diamond  Point,  Lake  George,  Pelham  and  Chesterfield,  Mass. ,  Paris  and  Peixy, 
Me.,  Benton,  N.  H.,  Sharon,  Yt.,  Meadow  Mount,  Md.,  and  Hot  Springs,  Ark.,  are  othei 
localities  of  quartz  crystal.  For  other  localities,  see  the  catalogue  of  localities  in  the  latbBt 
part  of  this  Tolnme. 

Bom  quartz,  at  Albany  and  Paris,  Me.,  Acworth,  N.  H.,  and  elsewhere ;  mnoky  quartz^  at 
Goshen,  Mass.,  Richmond  Co.,  N.  Y.,  Pike's  Peak,  Colorado,  eta  ;  ametJ^sty  at  Keweenaw 
Point  and  Thunder  Bay,  etc..  Lake  Superior;  also  at  Bristol,  Rhode  Island,  near  Greensboro, 
N.  C. ;  Specimen  Mountain,  Yellowstone  Park.  Crystallized  green  quartz,  at  Providenoe, 
Delaware  Co.,  Penn. ;  at  EUenville,  N.  Y.  Chalcedony  and  agates  about  Lake  Superior,  the 
Mississippi,  and  the  streams  to  the  west,  etc.  Red  jasper  is  found  in  pebbles  on  the  banks  of 
the  Hudaioii  at  Troy ;  red  and  yellow,  near  Murphy's,  Calayeras  Co. ,  CiU.  Heliotrope  occupies 
▼eins  in  ilate  at  Bloomingrove,  Orange  Co.,  N.  Y. 

Several  varieties  of  tins  species  have  long  been  employed  in  jewelry.  The  amethytit  haa 
always  been  esteemed  for  its  beauty.  Cameos  are  in  general  made  of  onyx,  which  is  well 
fitted  for  this  kind  of  miniature  sculpture.  Jasper  admits  of  a  brilliant  polish,  and  is  ofteo 
formed  into  vases,  boxes,  knife-handles,  etc.  It  is  also  extensively  used  in  the  manufacture 
of  Florentine  mosaics.  The  oamelian  is  often  rich  in  color,  but  is  too  common  to  be  murJi 
esteemed ;  when  first  obtained  from  the  ro<:k  they  are  usually  gray  or  grayish-rwl ;  they 
leoeive  their  fine  colors  from  an  exposure  of  several  weeks  to  the  sun^s  rays,  and  a  subsequent 
heating  in  earthen  pots.  The  oolors  of  agate,  when  indistinct,  may  be  brought  out  by  boil- 
ing in  oil,  and  afterwa^  in  sulphuric  acid ;  the  latter  carbonizes  the  oil  absorbed  by  tbi 
porous  layers,  and  thus  increases  the  contrast  of  the  different  colors. 


TRIDYMZTE.* 


Hexagonal.     1  A 1  =  124^  3'  (basal) ;  1  A 1  =  127**  35'  (terminal) ;  i  = 

1'6304  (v.  Rath).  Cleavage  (?,  imperfect  Crp- 
tals  minute,  commonly  tabular  (f.  507),  formed 
by  the  prism  and  basal  plane  ;  also  f  i-equently  in 
twins  and  trillings  witn  (1)  ^,  and  (2)  f  as  tlic 
twinning-planes.  Double  refi-action  positive. 
H.=7.  G.=2-282-2-326.  Lustre  viti-eons,  on 
the  face  pearly.  Colorless,  becoming  white  on  weathering.  Fracture  coii- 
choidal. 


Oomp. — Pure  silica,  or  SiOi,  like  quartz. 

P3rr« — B.  B.  infusible.  Fuses  in  soda  with  effenrescence,  forming  a  colorless  glass.  Solubls 
fn  a  boiling  saturated  solution  of  sodium  carbonate. 

Obs. — First  found  in  cavities  in  the  trachyte  from  Cerro  St.  CristoTal,  near  Pachaos, 
Mexico.  Also  in  the  trachyte  of  the  Siebengebiige,  and  in  related  rocks  from  many  locslitiea 
Forming  on  one  occasion  the  mass  of  white  volcanic  ashes,  from  the  island  Vuloano.  Also 
in  mioroscopio  crystals  inclosed  in  opal,  and  in  quartz. 

Asm ANrrs  {M<ukelyn^ — ^A  third  form  of  silica,  ciystaliizing  in  the  orthorhombio  iTstsBi, 
'*iMnnorphous  with  brookite."  H.=5'5.  G.  =2*245.  Found  in  very  minute  ayrtsUiM 
fndns,  generslly  rounded,  in  the  meteoric  iron  of  Breitenbach. 


OPAL. 


Massive,  amorphous;  sometimes  small  reniform«  stalactitic,  or  large 
tuberose.    Also  earthy. 

H.=5-5-6*5.  G.=l'9-2-3.  Lustre  vitreous,  frequently  subvitreoiw: 
often  inclining  \o  resinous,  and  sometimes  to  pearly.    Color  white,  yellow, 
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red,  brown,  green,  gray,  generally  pale ;  dark  colors  arise  from  foreign 
•dmixtnres ;  sometimes  a  rich  play  ot  colors,  or  different  colora  by  ref ra(;ted 
and  reflected  light.     Streak  white.    Transparent  to  nearly  opaque. 

Comp. — Silica,  SiOi,  as  for  quarts,  the  0|>al  oondition  being  one  of  lower  degrees  of  liard- 
jmm  and  specific  gravity.  Water  is  osaaUy  present,  but  it  is  regarded  as  unessential.  It 
Tsries  in  amount  £om  2  to  21  p.  a ;  or,  mosclj,  from  3-9  p.  a 

Var. — 1.  Precious  Opal.  Exhibits  a  play  of  delicate  colors,  or,  as  Pliny  says,  presents  yaziona 
lefolgent  tints  in  sncoesaion,  reflecting  now  one  hue  and  now  another.  Seldom  larger  than  a 
haael-nut.    Donbly  refracting  (biaxial),  Be/ireM. 

8.  JP^e-opak  Hyacinth-red  to  honey-yellow  colors,  with  fire-like  reflections  somewhat  irised 
on  toming. 

8.  Oiraiol.    Bluish-white,  translucent,  with  reddish  reflections  in  a  bright  light. 

4.  Offmmon  OpaJi  In  port  translucent ;  (a)  milk-white  to  greenish,  yellowish,  bluish;  (h) 
Uedn-apal  (Waohsopal,  Peohopal,  Oerm.)^  wax-,  honey-  to  ochre-yellow,  with  a  resinous 
hurfam :  {c)  dull  olive-groen  and  mountain-green ;  \d)  brick-red. 

5.  Vacholong,  (^;>aque,  bluish-white,  porcelain- white,  pale-yellowish  or  reddish;  often 
adheres  to  the  tongue,  and  contains  a  little  alumina. 

6.  (h>al-agat6.    Agate-like  in  structure,  but  consisting  of  opal  of  different  shades  of  oolor. 

7.  Jatp-opal.  Opal  containing  some  yellow  iron  sesquioxide  and  other  impurities,  and  hav- 
ing the  color  of  yeUow  jasper,  with  the  lustre  of  common  opaL 

8.  Wood^opal  (Holsopal,  Germ. ).     Wood  petrified  by  opal. 

9.  HytUiU,  Clear  as  glass  and  colorless,  constituting  globular  concretions,  and  also  cmsU 
with  a  globular,  renif orm,  botryoidal»  or  stalactitic  surface ;  also  passing  into  translucent, 
and  whitish. 

10.  Fwrite^  SOioeotu  Sinter,  Includes  translucent  to  opaque,  grayish,  whitish,  or  brownish 
incmstationa,  porous  to  firm  in  texture ;  sometimes  fibrous -like  or  filamentous,  and,  when  so, 
pearly  in  lustre,  formed  from  the  decomposition  of  the  siliceous  minerals  of  volcanic  rocks 
about  fomaroles,  or  from  the  siliceous  waters  of  hot  springs.  It  graduates  at  times  into 
hyalite.  QeyseriU  constitutes  concretionary  deposits  about  the  Iceland  and  Tellowstona 
{peaUte)  geysers,  presenting  white  or  grayish,  porous,  stalactitic,  filamentous,  cauliflower- 
hke  forms;  also  compact-massive,  and  scaly-massive;  H.=5;  rarely  transparent,  usually 
opaque ;  sometimes  faUing  to  powder  on  drying  in  the  air. 

11.  Float'Slone.  In  light  concretionary  or  tuberose  masses,  white  or  grayish,  sometimes 
cavernous,  rough  in  fracture.  So  light,  owing  to  its,  spongy  texture,  as  to  float  on  water. 
The  concretions  sometimes  have  a  flint-like  nucleus. 

12.  Tripoli te.  Formed  from  the  siliceous  shells  of  Diatoms  and  other  microscopic  species, 
aa  fint  made  known  by  Ehrenberg,  and  occurring  in  deposits,  often  many  miles  in  area,  either 
onoompacted,  or  moderately  hard.  Infusorial  ICarth,  or  Earthy  TripdUtt,  a  very  fine-grained 
earth  looking  often  like  an  earthy  chalk,  or  a  day,  but  harsh  to  the  feel,  and  scratching  glass 
when  rubbed  on  it. 

Pyr.,  etc. — ^Yields  water.  B.B.  infudble,  but  becomes  opaque.  Some  yellow  varieties, 
wwitftiTiiTig  iron,  turn  red. 

Oba. — Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  porphyry,  and  some 
metallio  veins.  Also  imbedded,  like  flint,  in  limestone,  and  sometimes,  like  other  quarts 
concretions,  in  argiUaoeons  beds ;  also  formed  from  the  siliceous  waters  of  some  hot  springs ; 
also  resulting  from  the  mere  aooamuiation,  or  accumulation  and  partial  solution  and  solidifi- 
cation, of  the  siliceous  shells  of  infusoria — which  consist  essentially  of  opal-silioa. 

Precious  opal  occurs  in  Hungary ;  in  Honduras ;  and  Mexico.  Fire  opal  occnrs  at  Zimapan 
in  Mexico ;  Faroe  ;  near  San  Antonio,  Honduras.  Oommun  opal  is  abundant  at  Telkebanya 
in  Hungary;  in  Moravia;  in  Bohemia;  Stenzelberg  in  the  Siebengebirge ;  Faroe,  Iceland; 
the  Giant's  Causeway,  at  many  localities.  In  U.  S.,  hyaiite  occurs  sparingly  in  N.  York,  at 
the  Phillips  ore  bed,  Putnam  Co. ;  in  Georgia,  in  Burke  and  Soriven  Cos. ;  in  Washington  Co., 
good  fire  opaL     At  the  Geysers  on  the  Fire  Hole  river,  Yellowstone  Park,  geyserite  is  abundant. 

The  precious  opal,  when  large,  and  exhibiting  its  peculiar  pls^  of  colors  in  perfection,  is  a 
gem  of  high  value.     It  is  cut  witii  a  oonvex  surface. 

MsLANOPOLOGrrB  (LasauloB). — Occurs  in  minute,  oolorless,  cubes  coating  sulphur  aryitalf 
bom  Girgenti,  Sicily.  Contains  SiOa  86*8  p.  c,  SOs  7  2,  HtO  2*9 ;  chemical  nature  doulH- 
fid.    Tania  black  upon  ignition,  hence  the  name. 
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IL  TEKNAEY  OXYGEN  COMPOirNDS. 


1.  SILICATES.— A.  ANHYI»ROUS  StLICATES. 


a.  BisiLioATES.    General  Fobmula  KSiOi 


(a)  Amphibole  Chovp.    PyrooDene  Section, 


Ortliorhombic. 


tf 


Bamle,  Norway. 


SN8TATITE.    Bboitzttb.    FMolMstlte. 

lAl=z88''  16'  and  91''  44'  (Breitenbacli  meteorite,  ft 
Lmg)\c  :  2j  rf  =  0-58853  : 1;03086  : 1.  Cleavage:  /, 
easy ;  i-i^  i-i,  less  so.  Sometimes  a  fibi^ons  appearance 
on  the  cleavage-snrface.     Also  massive  and  lamellar. 

H.=5-5.  G.=3*l-3-3.  Lustre  a  little  pearly  on 
cleavage-surfaces  to  vitreous ;  often  metalloiaal  in  the 
bronzite  variety.  Color  grayish- white,  yellowish-white, 
greenish-white,  to  olive-ffrecn  and  brown.  Streak  uii- 
colored,  grayish.  Double  refraction  positive ;  optio- 
axial  plane  brachydiagonal ;  axes  very  divergent. 


Oomp.,  Var.—MgSiOs= Silica 60,  magnesia 40=:  100;  t^aig,¥e) 
SiO,. 

Var.  1.  With  little  or  no  iron;  Enstatite,  Color  white,  yellowish,  giuyish,  or  greenish- 
white;  lustre  pearlj-vitreons ;  G.  =3 '10-8 '13.  CMadnite^  which  makes  ap  90  p.  a  of  the 
Bishopville  meteorite,  belongs  here  and  is  the  purest  kind ;  ViUorite  {Meunier},  from  the 
Deesa  (Chili)  meteoric  iron  is  probably  identical. 

2.  ferriferous.;.  BronsUe,  Color  grayish-green  to  olive-green  and  brown;  lustre  of  desr- 
age-snrfaoe  adamantine  pearly  to  sabmetallio  or  bronze-lSte.  The  ratio  of  Mg :  Fe  Y%nm 
from  11  :  1  to  8  : 1.  Analysis  of  bronzite  from  LeiperviUe  by  Pisani,  SiO.  57-06,  aUOs  0-2ti, 
FeO  5-77,  MgO  36-59,  H,0  0-90=99'82. 

Pyr.,  etc. — B.B.  almost  infusible,  being  onlj  slightly  rounded  on  the  thin  edges ;  F.=6. 
Insoluble  in  hydrochloric  add. 

IDiff. — Distinguished  by  its  infnsibility  from  varieties  of  amphibole,  which  it  resembles 

Obs. — Occurs  near  Aloysthal  in  Moravia ;  in  the  Vosges ;  at  Eupf erbeig  in  Bavaria ;  at 
Baste  in  the  Hans  {Protohmtite) ;  in  the  chrysolite  bombs  in  the  Eifel ;  in  immense  dTttsli 
with  apatite,  near  Bamle,  Norway.  In  Pennsylvania,  at  Leiperville  and  Texas ;  at  Brewster, 
N.  Y.     Bronzite  is  quite  common  in  meteorites. 

DesGloizeauz  first  defined  the  limits  of  this  species,  as  here  laid  down. 

Named  from  ^^wtrrirns^  an  opponent,  becaose  so  refzactoiy.  The  name  bromits  has  poorttifi 
bqfe  a  bronae  lustre  is  not  essential,  and  is  far  from  univexsaL 


Orthorhoinbic.  /A/=9r  32i,  DesOloizeaux  (Mt.  Dor6);  91'  40' 
T.  Bath  {amblyategite).  Cleavage :  i-i  perfect,  /  and  i-l  distinct  but  inter 
raptcd.     Usually  foliated  massive. 

H.=:5-6.  G.=:  3-392.  Lustre  somewhat  pearly  on  a  cleavage-surface, 
and  sometimes  a  little  metalloidal ;  often  with  a  peculiar  iridesrenca  due 


OXYGEN  COMFOITKDS — ^ANHTDBOUB  6IU0ikT£S, 


291 


to  the  presence  of  mhinte  enclosed  tabular  crystals  (brookite?)  in  parallel 
position  (Kosmann\     Color  dark  browuisli-green,  gray- 
ish-black,   greenisn- black,    pinchbeck-brown.      Streak  509 
S-ayish,  brownish-gray.     Translucent  to  nearly  opaque, 
rittle.     Optic-axial  plane  brachydiagonal ;  axea  very 
divergent ;  bisectrix  negative. 


Conp.^Mgr,Fe}SiO«  with  Fe  :  Hg^l  :  5,  1:8,  etc.  If  Fe  t(> 
Mgr^l :  3  the  formula  requires  SiOs  54 -2,  FeO  21-7,  MgO  24«1=100. 

Pyr^  etc. — B.B.  fuses  to  a  black  enamel,  and  on  charooal  yields  a 
magnetic  mass.     PartiaUy  decomposed  by  bydrochlorio  acid. 

Obs. — Hypexsthene  occurs  at  Isle  St.  Paul,  Labrador  in  Canada ; 


u 


it 


Hb.  Dore. 


belong  together,  since  they  g^rade  insensibly  into  each  other ;  and  in 

oyatalline  form  they  are  identical.    The  essential  difference  between 

them,  aooording  to  DesGloiaeaux,  lies  in  the  axial  dispersion  which  is  umfarmly  p  <  vtoi 

enstatite,  and  p  >  v  for  hypersthene. 

DiACLAfiFFB. — ^Near  bronzite ;  differs  in  optical  characters.     (Hg,Fe,Ga)SiOa.     Harzburg; 
Ouadaxxama,  Spain. 

WOZjIaASTONZm.    Tabular  Spar.    Tafelspath,  Oerm, 

Monoclinic.  (7=  69^  48',  /A  I  =  87^  28',  0A24-  137°  48' ;  (5 :  J  :  d 
=  0-4338  :  0-89789  : 1.  Fig.  610  in  the  pyroxene  or  normal  position,  but 
wi*^*^  the  edge  0/i^  the  obtuse  edge ;  f.  511  in  the  position  given  the  crys- 
tals Dj  authors  who  make  i-i  the  plane  O,  and  24  the  plane  /.  O  A  —  l-< 
=  160*^  30',  O  A  1-i  =  154*  26',  i-t  A  -  2  =  132°  54',  i-i  A  2  =  93°  52'. 
Karely  in  distinct  tabular  crystals.  Cleavage :  O  most  distinct ;  l-^  less 
so;  1-i  and  —  1-i  in  traces.  Twins:  twinning-plane  i-i.  Usually  cleav- 
able  massive,  with  the  surface  appearing  long  fibrous,  fibres  parallel  or 
reticalated,  rather  strongly  coherent. 
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H.=4-5-5.  G.=2'78-2-9,  Lustre  vitreous,  inclining  to  pearly  upon 
tte  faces  of  perfect  cleavage.  Color  white,  inclining  to  gray,  yellow,  red, 
or  brown.  Streak  white.  Subtransparent — translucent.  Fracture  uneven, 
Bometimes  ^-ery  tough.  Optic-axial  plane  i-l ;  divergence  70^  40'  for  the 
red  rays ;  bisectrix  of  the  acute  angle  negative ;  inclmed  to  a  normal  to  i-i 
67'  48',  and  to  a  normal  to  O  12%  DesOL 
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PESOBIPnVE  BONEBAXOOT. 


Oomp.~GaSiO«=Si]JM  51*7,  lime  48*8=100. 

P3rr.,  etc. — In  the  matrass  no  change.  B.B.  fnses  easily  cm  the  edges  j  with  some  soda,  a 
blobby  glass,  with  more,  swells  np  and  isinfosible.  With  hydrochloric  acid  gelatiniies;  moBt 
varieties  effervesce  slightly  from  the  presence  of  calcite. 

Di£ — ^Differs  from  asbcAtus,  and  tremolite  in  forming  a  jelly  with  adds,  as  also  by  its  mora 
Tltreons  fracture ;  fuses  less  readily  than  natrolite  and  soolecite ;  when  pure  does  not  effer- 
vesce  with  acids  like  the  carbonates. 

Obs. — ^WoUastonite  is  found  in  regions  of  granite  and  granular  limestone  ^  also  in  basalt  and 
lavas.  Occurs  in  Hungary ;  in  Finland ;  and  in  Norway ;  at  Gockum  in  Sweden ;  in  the 
Harz ;  at  Auerbach,  in  granular  limestone ;  at  Vesuvius.  In  the  U.  S.,  in  N.  YorK  at  Wills- 
borough  ;  at  Lewis ;  Duma,  Lewis  Co.  In  Penn.^  Bucks  Co.  At  tiie  Cliff  Mine,  Keweenaw 
Point|  Lake  Superior.    In  Cafiadetf  at  Grenville.       * 


MonocHnic.  0  =  TS**  69',  /A 7  =  87''  6\  6> A 2-1  =  131^  IT;  c:h:d 
=  0-5412  :  0-91346  : 1.  (9  A  7=  100°  57',  (9  A  -  l-i  =  155°  51',  Oa U 
=  148°  35',  (9  A  -1  =  146°  9',  (9  A 1  =  137°  49',  -1  a  -1  =  131°  24 . 
Cleavage :  JT  rather  perfect,  often  interrupted ;  i-i  sometimes  neai*ly  pei 
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feet ;  i-i  imperfect ;  0  Bometimes  easy.     Crystals  usually  thick  and  stout 
Twins :  twinnin<y-plane  i-i  (f .  521).     Often  coarse  lamellar,  in  large  masses, 

Sarallel  to  O  or  i-t.     Also  granular,  particles  coarse  or  fine;  and  fibrous, 
bres  often  fine  and  long. 


520 


H.=5-6.  G.=3-23-3-6.  Lustre 
vitreons,  inclining  to  resinous; 
some  pearly.  Color  gi-een  of 
various  shades,  verging  on  one 
side  to  white  or  gravish-wliite, 
and  on  the  other  to  brown  and 
black.  Streak  white  to  gray  and 
grayish-green.  Transparent  — 
opaque.  Fracture  conchoidal— 
uneven.  Brittle.  In  ciystala 
from  Fassa,  optic-axial  plane  h  ; 
divergence  110°  to  113°;  bisec- 
trix of  tlie  acute  angle  positive, 
Inclined  51°  6'  to  a  normal  to  i-i  and  22°  55'  to  a  normal  to  O,  DesCL 
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OonqK,  Tar^ — ^A  UiQioate,  haring  the  general  fornrala  BSiOa,  where  B  may  be  Ga,Hg, 
Fe,lin,  sometimes  also  Zn,Ka9,Na9.  Ustiallj  two  or  more  of  these  bases  are  present.  The 
flxst  three  are  most  common ;  bat  oaldxm  is  the  only  one  that  is  present  always  and  in  large 
percentage.  Besides  the  sabstitntions  of  the  above  bases  for  one  another,  these  same  bases 
are  at  tunea  replaced  by  :^l,Fe,Mn,  though  sparingly,  and  the  silicon  occasionally  by  alumi- 
Bnm. 

The  Tarieties  proceeding  from  these  isomorphous  substitations  are  many  and  diverse  :  and 
there  are  still  others  depending  on  the  state  of  crystallization.  The  foliated  and  fibrous 
kinds  eady  received  separate  names,  and  for  a  while  were  regarded  as  distinct  speciea  Fibrous 
or  colnnmar  forms  are  very  much  less  common  than  in  hornblende,  and  lamellar  or  foliated 
kinds  more  common.  The  crystals  are  rarely  long  and  slender,  or  bladed,  like  those  of  that 
species. 

The  most  prominent  division  of  the  species  is  into  (A)  the  nan-aluminaiu  ;  (B)  the  oZum- 
iMttiL  But  ^e  former  of  these  groups  shades  imperceptibly  into  the  latter.  These  two  groups 
are  generally  subdivided  according  to  the  prevalence  of  the  different  protoxide  elements. 
Yet  here,  iJso,  13ie  gradation  from  one  series  to  another  is  in  general  by  almost  insensible 
shades  as  to  composition  and  chemical  characters,  as  well  as  all  physical  qualities. 

L   OOKTAINIKO  LITTLB  OB  NO  ALUMINA. 

1.  LiiM-Magnena  Pyroxene;  Maulcolite.  Diopside,  Alalite,  White  Goccolite.  OoIok 
white,  yellowif^,  grayl^- white  to  pale  green.  In  crystals :  deavable  and  granular  massive. 
Sometimes  transparent  and  colorless.  G.  =  8  *S-8  '88.  Formula,  GaMgSisOa = Silica  55  *6,  mag- 
nesia 18*5,  lime  25*9.     Sometimes  Ga  :  Mg=l :  2 ;  less  than  4  p.  c.  of  iron  are  present. 

2.  LitM'Magnetialron  Pyroxene  ;  Sahlite.  Golor  grayish-green  to  deep  green  and  black ; 
sometimes  grayish  and  yellowish- white.  In  crystals ;  also  deavable  and  granular  massive. 
G. =3 '25-8-4.  Named  from  Sala  in  Sweden,  one  of  its  localities,  where  the  mineral  occurs 
in  masses  of  a  grayish-green  oolor,  having  a  perfect  cleavage  parallel  to  the  basal  plane  (0). 
Formula  (Ga,Mg,Fe)SiOs.  The  ratio  of  Ga  :  Mg  :  Fe  varies  much,  =8  :  8  : 1,  2  :  2  :  l,etc.  The 
ratio=4 :  8  :  1,  corresponds  to  silica  58*7,  magnesia  18  4,  lime  24*9,  iron  protoxide  8  0=100. 

DiALLAOB.  Part  of  the  Bo-oaHeddiaUage,  or  thin- foliated  pyroxene,  belongs  here,  and  the 
rest  under  the  corresponding  division  of  the  aluminous  pyroxenes.  Gdor  grayish-green  to 
bright  grass-green,  and  deep  green;  lustre  of  deavage  su^ace  pearly,  sometimes  metalloidal 
orbras^.  H.=4.  G.  =8*2-8*85.  Gomposition  near  the  preening :  analysis  by  vom  Bath, 
Neurode,  SiO,  63-60,  A10«  1  -99,  FeO  8*95,  MnO  0*28,  MgO  18*08,  GaO  21*00,  H,0  0*86=99-82. 
With  this  variety  bdongs  part  also  of  what  has  been  called  hypersthene  and  bronzUe — the  part 
that  is  easily  fusible.  Gommon  especially  in  serpentine  rodu.  Named  from  d/aXXa/v,  dif' 
ftrencA,  in  allusion  to  the  dissimilar  deavagea. 

8.  Iron- Lime  Pyroxene,  Hedbnbeboite.  Golor  black.  In  crystals,  and  also  lamellae 
massive ;  cleavage  ea^  parallel  to  i-i,  G.  =8  *5-8  *58.  Formula  GaFeSiaOa  (Mg  being  absent) 
:=Silica  4889,  lime  2218,  iron  protoxide  29*48=100.  AtteroUe  is  a  similar  pyroxene  oon- 
taining  also  Mn  (Igelstr5m),  Sweden. 

4.  ZifM'Iron'ManganeHe-Zina  Pyroxene  ;  Jeffbbsonitb.  Golor  greenish-black.  Giystala 
often  very  large  (8-4  in.  thick),  with  the  angles  generally  rounded,  and  the  faces  uneven,  aa 
\t  corroded.  G.=8*86.  Analysis,  Franklin,  N.  J.,  by  Pisani,  SiOs  45*95,  MO,  0*85,  FeO 
8*91,  MnO  10*20,  ZnO  10*15,  GaO  21*55,  MgO  8*61,  ign  0*85=101-57. 

IL  Aluminous. 

Ahtmincui  I4m&-Ilayneiia  Pyroxene;  Lbucauoitb  {Dana),  Golor  white  or  grayiah. 
Analysis,  Bathurst,  G.,  by  Hunt,  SiOj  51*50,  i^^lOs  6*15,  FeO.  0*85,  y^  17  09,  GaO  28*80 
H,0 1*10=100*59.  Looks  like  diopside.  H.=6*5.  G.=8*19.  Hunt.  Named  from  AcvkocJ 
MU, 

Ahamnotu  ^dme-Jfagneeia'Iron  Pyroxene;  Fabsaitb,  Auoitb.  Golor  dear  deep-green  to 
greenish-blaok  and  black ;  in  crystals,  and  also  massive ;  subtranslucent  to  opaque.  G. 
=3*25-3*5.  Gontains  iron,  with  caldum  and  magnesium,  also  aluminum.  Analysis  of  augfite 
from  Montreal  by  Hunt,  SiO.  49*40,  MO,  6*70,  FeO,  7*88,  MgO  18-06,  GaO  21*88,  Na^O  0*74, 
H,0  0*50=100*11 . 

a.  FasiaUe  (or  Pyryom),  Indudes  the  green  kinds  found  in  metamorphic  rocks.  Named 
from  the  locality  at  Fassa  in  Piedmont,  which  affords  deep-green  crystals,  sometimes  pistachio- 
ireen,  like  the  epidote  of  the  locality. 

6.  Augite.  Includes  the  greenish  or  brownish-black  and  black  kinds,  occurring  mostly  ia 
emptive  rooks,  but  also  in  metamorphia     Named  from  iv/i^,  huire^ 
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Pyr.,  etc. — ^Vatying  widely^  owing  to  the  wide  yariationa  in  composition  in  the  dllfeniit 
▼Eiietiea,  and  often  by  insensible  gradations.  Fusibility,  from  the  almost  infoaible  diallsfre 
to  8*75  in  diopside ;  8*5  in  sahlite ;  8  in  jeffersonite  and  angite ;  2*5  in  hedenbeigite.  Va- 
rieties rich  in  iron  afford  a  magnetic  globnle  when  fused  on  charcoal,  and  in  genenl  theii 
fusibility  varies  with  the  amount  of  iron.  Jeffersonite  gives  with  soda  on  oharooal  a  xeaotion 
for  zinc  and  manganese ;  many  others  also  give  with  the  fluxes  reactions  for  manganese.  Most 
varieties  are  unacted  upon  by  acids. 

Difi. — See  Amphibole,  p.  207. 

Obt. — Pyroxene  is  a  common  mineral  in  crystalline  limestone  and  dolomite,  in  serpentine, 
and  in  volcanic  rocks ;  and  occurs  also,  buc  less  abundantly,  in  connection  with  granitic  roda 
and  metamorphic  schistsw  The  pyroxene  of  limestone  is  mostly  the  white  and  light-green  or 
gray  varieties;  that  of  most  other  metamorphic  rock,  sometimes  white  or  coloriess,  bat 
usually  green  of  different  shades,  from  pale  green  to  greenish-black,  and  occasionally  bUdc; 
that  of  serpentine  is  sometimes  in  fine  crystals,  but  often  of  the  foliated  green  kind  called 
diaUage;  that  of  eruptive  rooks  is  the  black  to  greenish-black  augiU. 

Prominent  foreign  localities  are ;  tnalaooUU  {diopnde),  Traverseilu,  Ala  in  Piedmont ;  Bala, 
Tunaberg,  Sweden ;  Pargas ;  Achmatovsk ;  etc.  JSafdite^  Sola ;  Arendal;  Degeroe ;  Schwanen* 
berg ;  etc.  Hedenbergue,  Tunaberg ;  ArendaL  AugUe,  Fassathal ;  Vesuvius;  etc. — ^in  most 
dolocytio  igneous  rocks. 

In  N.  America  common  (see  list  of  localities  at  the  close  of  the  volume).  Some  locahtiei 
•re:  In  Mhss.^  at  the  Bolton  quarries.  In  Conn.,  at  Canaan.  In  N.  York,  at  Warwick,  Mon- 
roe, Edenville,  Diana.  In  iV.  Jeney,  in  Franklin.  In  Pefin.,  near  Attleboro\  In  Canada, 
at  Bytown»  at  Calumet  L,  at  Grenville. 

AcMiTK. — Monodinia  In  slender  pointed  crystals  (hence  name)  in  quarts.  H.  =6.  0.= 
8 '2-8 '53.  Color  brownish  to  reddish-brown,  in  the  fracture  blackish-green.  Opaque.  Fiao- 
ture  uneven.  Brittle.  USiOs,B=Nas,Fe,  or  Fe(Fe=8R);  analysis  by  Bammelsberg,  SiOi 
51-66,  FeO,  28*28,  FeO  5*28,  MnO  0-69,  NaaO  12-46,  K«0  0'48»  TiO  I'll,  ign  0-89=100*25 
Kongsberg,  Norway. 

iEoiRiTE. — Near  pyroxene  in  form,  but  contains  alkalies.  H.  =5*5-6.  G.=  8 '45-8*58. 
Color  groenish-black.  Subtranslucent  to  opaque.  Analysis  Ramm.,  Brevig,  SiOt  50*25,  AlOi 
1-22,  FeO,  22*07,  PeO  8*80,  MnO  1*40,  CaO  5*47,  MgO  1*28,  Na,0  9  29.  K,0  Oi>4=100-78. 
Also  from  Magnet  Cove,  Arkansas. 


RHODONITB. 

Tridinic,  but  approximately  isoinorphous  with  pyroxene.     Cleavage:  I 

perfect ;  O  less  perfect.     Usually  massive. 
W8  H.=5-6-6-6.    G.=3-4-3-68.    Lustre  vitreous.    Color 

light  brownish-red,  flesh-red,  sometimes  gi-eenish  or 
yellowish,  when  impure ;  often  black  outsiae  from  ex- 
posure. Streak  white.  Transparent— opaque.  Frac- 
ture conchoidal — uneven.    Very  tough  when  massive. 


Oomp.,  Var. — ^MnSiOs= Silica  45*9,  manganese  protoxide  54  1= 
100.  Usoally  some  Fe  and  Ca,  and  ocoasionally  Zn  replace  part  of  tbt 
Mn.  OrdinQ/ry,  (a)  Crystallized.  Either  in  crystals  or  foliated. 
The  ore  in  crystals  from  Paisberg,  Sweden,  was  named  PaitbergiU 
nnder  the  idea  that  it  was  a  distinct  species,  (b)  Granular  maflfii^e. 
CaUaferoua;  BusTAMrrB.  Contains  9  to  15  p.  c.  of  lime  repUdog 
part  of  the  manganese.  Often  also  impare  from  the  presence  of  cal- 
dum  carbonate,  which  suggests  that  part  of  the  lime  replacing  the  manganese  may  have  come 
from  partial  alteration.  Grayish-red.  Zineiferoui  ;  Fowlbkite.  In  dystals  and  foliated, 
the  latter  looking  much  like  deavable  red  feldspar ;  the  crystals  sometimes  half  an  inch  to  an 
inch  throngh.     /a  7=86'  30',  Torrey.    G.=8-44,  Thomson. 

P3rr.,  etc. — B.B.  blackens  and  fuses  with  slight  intumescence  at  2*5  :  with  the  fluxes  girv 
reactions  for  manganese ;  fowlerite  gives  with  soda  on  charcoal  a  reaction  for  zina  Sligblly 
acted  upon  by  acids.  The  calciferous  varieties  often  effervesce  from  mechanical  adiiiix- 
Vore  with  caldnm  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and  the  in 
soluble  part  becomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  sometime 
becomes  nearly  black. 
OImu — Oooors  at  Longban,  near.  Philipstadt  in  Sweden ;  also  in  the  Han  \  in  the  dislnct  d 
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Kfttharinenbezg  in  the  Vnl ;  in  Cornwall,  eta  Oocors  in  Warwick,  Maes. ;  Blue  Hill  Baj» 
Blaine  ;  near  Hlnedale,  N.  H.  ^  foiolsrite  [keatingine)  at  Hambnig  said  Sterling,  New  Jexaej^ 

Named  frmn  pASov,  a  ro&e^  in  aDneion  to  the  color. 

BABOieTONiTB.— Tnolinia  OBSiOa+FeSiiOt,  with  B=Fe(Mn) :  Ga(Mg)=2  :  8  (Banun.). 
AMlysis,  Bammelsbexg,  SiO,  51-2d,  FeOt  11*00,  FeO  10*26,  MnO  7*91,  MgO  0*77,  CaO 
19^  ign=0'44=100-92.    Color  greeniBh-bladc    Arendal;  Naasau;  Deyonahire;  Bavena 


BPODUMENZl.* 

Monoclinic.      0=69""  40'  /A  7=87%   (9a24  =  130<'  SO'.      Orygtali 
large.    Cleavage:  i-i  very  perfect;  /  also  perfect; 
1-i  in  ti'aces ;  in  strisd  on  i-i.    Twins :  twinuing-plane  028 

i-t.     Also  massive,  with  broad  cleavage  surface. 

H.=6-5-7.    G.=S'13-3-19.    Lustre  pearly.    Cross  yu.^ 

fractal's  vitreous.  Color  grajish-gi-een,  passing  into 
p^reenish-white  andgrayish-white,  rarely  faint-reddish. 
Streak  uncolored.  TraDslucent — subtranslucent  Frac- 
ture oneven. 

Oomp.--8BSiOa+4MSia09 ;  B=Lii  mostly.  Silica  64*2,  alu- 
mina 29*4,  lithia  6-4=100.   Sometimes  Li  :  Na(E)=20  :  1,  Bamm. 

Pyr.,  etc. — B.B.  becomes  white  and  opaque,  swells  up,  imparts 
a  purple  red  odor  (lithia)  to  the  flame,  and  fuses  at  8*5  to  a  dear 
OK  white  glass.  The  powdered  mineral,  fused  with  a  mixture  of 
potassium  bisulphate  and  fluor  on  platinum  wire,  gives  a  more  in- 
ftenae  lithia  reaction.     Not  acted  upon  bj  acids. 

TXfL — ^Distinguished  by  its  peifect  orthodiagonal,  as  weU  as 
prismatic,  cleayage ;  has  a  higher  specific  gravity  and  more  pearly 
lustre  than  feldspar  or  soapolite.     Gives  a  red  flame  B.B. 

Oba. — Ocoars  on  the  island  of  Uto,  Sweden ;  near  Sterzing  and 
Lisens  in  the  Tyrol ;  at  Killiney  Bay,  near  Dublin,  and  at  Peterhead  in  Scotland.    At  Goshen, 
Mass.  ;  also  at  Chesterfield  and  Norwich,  Moss. ;  at  Windham,  Maine ;  at  Winchester,  N.  H. ; 
at  Brookfield,  Ct. 

Pbtalitje.— 8Li,Si,0»H-4A]SieOi»=Smca  77*97,  alumina  17*79,  lithia  8*57,  soda  0-67=3 
100.  Bamm.  Q.  ratio  Li  :  3^1 :  81=1  :  4  :  20,  or  for  bases  to  silioon=l :  4.  H.=6-6-6.  a 
«=2iS.    Cdozless;  white.    Uto,  Sweden;  Elba  {castarite) ;  Bolton, 


Norwich,  Mass. 


Am^htbole  Section. 


Orthorhombic    /A/=  125**  to  125'  25'.     Cleavage:  U  perfect,  1  1 
so,  t-i  difticult.    Commonly  lamellar,  or  fibrous  massive ;  fibres  often  very 
slender. 

H.=5"5.  G.=3-l-3'2.  Lustre  somewhat  pearly  upon  a  cleavage  sup- 
face.  Color  brownish-gray,  yellowish-brown,  brownish-green,  sometimo8 
Bubmetallic.  Streak  uncolored  or  grayish.  Translucent  to  subtranslucent 
Brittle  Double  refraction  positive;  optii*al  axes  in  the  brachydiagoiial 
section. 


DEBOKIPTITE  HUTERAXOar. 


OomF^(Fe,ME}SiOt,  Fe  :  Ttg^l  :  8=Bilica  66'S, 


100. 


ft  37-8,  i 


a  pntozida  K'Ta 


■o  ft  black  magnetio  enamel ;  witli  the  flsi 


Pyr.,  etc. — B.B.  fnssi  irith  great  difficulty  t 
.    giyea  reactiona  for  inm ;  nnacted  upon  by  aoiiJB. 

Oba. — OocoTB  ue&i  Eougaberg-  in  Noiway,  and  near  Modom,  Abo  at  EemuuuiMbliK 
Horavia. 

AnthophjUite  "bears  the  same  leUtion  to  the  Atnphibole  Group  that  cjiatatite  and  bypu" 
stheoe  do  to  the  FyioxeDe  Qronp. 

EuFFFERiTE.— Probably  I^SiOi,  with  ft  little  Fe.  i  a  i=lZ4°  SO*,  hence  aa  enttatile-honi' 
tttruU.  Color  emerald-green  (chrome).  Taoldnik  Hte. ,  Miaak.  Analysis  of  a  similar  min- 
eisl  from  Perth.  Canada,  TbomMn,  SiO,  S7-60,  AlO.  S'20.  FeO  310,  UgO  2D-30,  CftO  3-60. 

ign.  a-K=mso. 


AMPHIBOIiB.*  HOBKBLEBDE. 

Monoclinic.  £?=:75=2',  /A /=  124"  30',  t>Al-i=  164*>  10',  c:l:d 
=0-5527  :  1-8825  ;  1.  Crjstab  aometimes  stout,  often  lone  and  Maded. 
Cleavage:  l  iiiglily  perfect;  ii,i-i  sometimeB  dietinct.  Lateral  plaoea 
often  longitudinally  striated.  Twins:  twiiining-plane  i-i,as  in  f.  527  (simple 
form  f.  526),  and  630.  Imperfect  cryBtallizationa :  fibrous  or  columnar, 
voarse  or  une,  fibi'ca  often  like  flax ;  sometimes  lamellar ;  also  granular 
massive,  coaree  or  fine,  and  usually  strongly  coherent,  but  Bometimes 
friable. 


H.=3-6.  Q,=2'9-3-4.  Lustre  vitreous  to  pearly  on  cleavage-facee; 
fibrous  varieties  often  silky.  Color  between  blacfe  and  white,  through  vari- 
ous sliades  of  green,  inclining  to  blackish-green.  Streak  uncolored,  or  paler 
than  color.  Sometimes  nearly  transparent ;  usually  subtransluceiit — opaqne. 
Fracture  subconchoidal,  uneven.  Bisectrix,  in  most  varieties,  inclined  ftlxxit 
60°  to  a  normal  to  O,  and  15°  to  a  normal  to  i-i;  and  double  refraction 
negative. 

Oomp.,  Tar.— Gteneral  formnla  B3iOi,  ag  for  pyroxene.  Alnmiutim  la  present  in  himI 
•Dipbibole,  and  when  bo  it  asually  rcplacen  silicon.  B  may  corre«pond  to  two  or  more  at  tba 
baBicelenientsMg,Ca,Fe,Mn,Na„Ki,Hil  and  «  to  Al,  ¥e  or  Mn.  Fe  eometimea  lepUox 
ailicnn.lihe  Al.  Much  amphibole,  especially  the  aluminooB,  containa  some  fluorine.  Thet^aa 
odlcicim  is  absent  from  some  varieties,  or  nearly  bo. 

Tlie  tarietiei  at  amphibole  are  as  numerous  as  thooe  of  i^tnene,  ftnd  for  the  Bam*  naMM; 
tnd  they  lead  in  general  to  similar  rabdlTisimta 
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T.   OONTAIKIHO    LTTTLB    OB    NO    ALUMINA. 

MagnetiO'Idms  AmpfUbo/e;  Tbbmolitb.  Grammatite.  Colors  white  to  dark-graj.  ta 
dktiiiot  GzyBtalfl,  either  longbladed  or  short  and  stoat:  long  and  thin  oolnmnar,  or  fibrous ; 
also  oompaot  granular  massive.  1^^1=124"  80".  £[.=5*0-6 '5.  Q.  =2  9-3*1.  Sometimes 
traxisiKirent  and  ooloiiess.  Contains  magnesia  and  lime  with  little  or  no  iron  ;  formula  (Ca, 
Kg)SiO.,  Ga  :  Mg=l  :  d=Silioa  57*70,  magnesia  2885,  lime  13*35=100.  Named  TremolUsbj 
Pini,  from  the  locality  at  Tremola  in  Switzerland. 

Nephrite. — In  part  a  tough^  compact,  fine  grained  tremolite,  having  a  tinge  of  green  oz 
blue,  and  breaking  with  a  spUntery  fracture  and  gllBtening  lustre.  H.  =6-6*5.  G.  =2*96-3*1. 
Named  from  a  supposed  effioa^^  in  diseases  of  the  kidney,  from  ve<^6^,  kidney.  It  oocuzt 
usually  associated  with  taloose  or  magnesian  rooks.  Nephrite  or  jade  was  brought  in  the 
form  of  carved  ornaments  from  Mexico  or  Peru  soon  after  the  disoovexy  of  America.  A  simi- 
lar stone  oomee  from  China  and  New  2iealand. 

A nephzite-like  mineral,  called  bowenite^  from  Smithfield,  B.  I.,  having  the  hardness  5*5  is 
seri>entine  in  composition.  The  jade  of  de  Saussuxe  is  the  sau98uriU  (see  under  Zoibitb) 
oC  the  younger  de  Saussuxe.  Another  aluminous  jade  has  been  called  jadeite  (q.  v.)  l^ 
Damour. 

McLgnesia-Lime'lTon  Amphibole;  Actinolite.  Strahlstein,  Oerm.  Color  bright-green 
and  grayish-green.  In  crystals,  either  short  or  long-bladed,  as  in  tremolite ;  columnar  of 
fibrous;  granular  massive.  G.=3-3'2.  Sometimes  transparent.  Contains  magnesia  and 
lime,  with  some  iron  protoxide,  but  seldom  more  than  6  p.  o. ;  formula  (Ca,^,Fe)SiOs. 
The  variety  in  long  bright-green  crystals  is  called  glassy  aMindUU  ;  the  crystals  break  easily 
across  the  prism.  The  fibrous  and  radiated  kinds  are  often  called  asbestiform  actinoUte  and 
Tadi€tUd  aoiinoUte.     Actinolite  owes  its  green  color  to  the  iron  present. 

Iron-Magnesia  Amphibole  ;  Cummingtonitb.  Color  gray  to  brown.  Usually  fibrous  or 
fibro-lamellar,  often  radiated.  G.  =3*1-3*32.  Contains  much  iron,  with  some  magnesia,  and 
Utile  or  no  lime.    Formula  (Fe,Mg)SiOt.     Named  from  the  locality,  Cummington,  Mass. 

ASBE8TU&  Tremolite,  actinolite,  and  other  varieties  of  amphibole,  excepting  those  con* 
taining  much  alumina,  pass  into  fibrous  varieties,  the  fibres  of  which  are  sometimes  very 
long,  fine,  flexible,  and  easily  separable  by  the  fingers,  and  look  like  flax.  These  kinds,  like 
the  corresponding  of  pyroxene,  are  called  asbesVas  (fr.  the  Greek  for  inconUyustible).  The 
odors  vary  from  white  to  green  and  wood-brown.  The  name  amianthus  is  now  applied  usu- 
ally to  the  finer  and  more  silky  kinds.  Much  that  is  so  called  is  chrysotHe^  or  fibrous  serpen- 
tine, it  containing  12  to  14  p.  c.  of  water.  Mountain  leatfier  \&  a  kind  in  thin  flexible  sheets, 
made  of  interlaic^  fibres ;  and  mountain  cork  (Bergkork)  the  same  in  thicker  pieces ;  both 
are  so  light  as  to  float  on  water,  and  they  are  often  hydrous.  Mountain  wood  (Bei^holx, 
Holzasbert,  Qerm  )  is  compact  fibrous,  and  gray  to  brown  in  color,  looking  a  little  like  dry 
wood. 


n.  Alujunoub. 

Aluminous  MagnesiO'Lime  Amphibole.  (a)  Edbnttb.  Color  white  to  gray  and  pale-green, 
and  also  colorless ;  G.  =3*0-3*059,  Bamm.  Besembles  anthophyllite  and  tremolite.  Named 
from  the  locality  at  Edenville,  N.  T.  (for  analysis,  see  below.)  To  this  variety  belong  various 
pale-colored  amphiboles,  having  less  than  five  p.  c.  of  oxide  of  iron. 

{b)  Smabaoditu  Saussure,  A  thin -foliated  variety,  of  a  light  grass-green  color,  resembling 
mucdi  common  green  diallage.  According  to  Boulanger  it  is  an  aluminous  magnesia- lime 
amphibole,  containing  less  than  3^  p.  c.  iron  protoxide,  and  is  hence  related  to  ^enite  and 
the  light  green  Pargas  mineral.  DesCloizeaux  observes  that  it  has  the  cleavage,  and  appar- 
ently the  optical  cluuracters,  of  amphibole.  H.=5;  G.=8.  It  forms,  aloiig  with  whitish  ox 
gretibish  saussurite,  a  rock. 

Aluminous  Magnesia- lAme'Iron  Amphibole,  {a)  Pargasite;  (b)  HoRi) blends.  Colors 
bright,  dark,  green,  and  bluish-green  to  grayish-black  and  black.  /a/=124^  1-124^  20'; 
G.=8  05-3*47.  Pargasite  is  usually  made  to  include  green  and  bluish-green  kinds,  occurring 
in  stout  lustrous  crystals,  or  granular ;  and  hornUer^  the  greenish-black  and  black  kinds, 
whether  in  stout  crystals  or  long  bladed,  columnar,  fibrous,  or  massive  granular.  But  no 
line  can  be  drawn  between  them.  Pargasite  occurs  at  Pargas,  Finland,  in  bluish -gzeen  and 
grayish-black  crystals. 

Gompositionr  shown  by  the  following  analyses  by  Rammelsbexg;  (1)  from  Edenville;  (S) 
Woltsborg,  Bohemia ;  (3)  Brevig. 
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SiO,  MOm  FeO.  FeO  MaO  MgO  OaO  Na^O  K,()  H,0(xgB) 

(1)  51-67  6-75  2-86     2337  12-42  0-75  0-84  0*46=Q8*12 

(2)  41»8  14-31  6-81  718       14-06  12-66  1-64  1-64  0-26=99-10 

(8)     43-28*  6-31  662  21*72  1-18  8-62  9*68  814  2-65  0'48=98-68 

•  With  1-01  TIO,. 

Pyr.,  etc — The  observatioiiB  under  pyroxene  apply  alao  to  this  speciefli  it  being  imponibl« 
to  diBtingnish  the  varieties  by  blowpipe  characters  alone. 

Diff. — Bifitingoished  from  pyroxene  (and  tourmaline)  by  its  distinot  prismatio  ctleaTage, 
yielding  an  angle  of  124°.  Also  in  colored  yarietles  by  its  diohroism,  when  examined  in  tfain 
Bection&  Fibroas  and  columnar  forma  are  much  more  common  than  with  pyroxene,  lamftllar 
and  foliated  forms  rare.  Giystals  often  long,  slender,  or  bladed.  Biffeis  from  the  fibrons 
■oolites  in  not  gelatiniidng  with  adds. 

laomorphous  and  Dimorphous  rdadona  to  Pyroxene. — The  analogy  in  oomposition  between 
pyroxene  and  hornblende  has  been  abundantly  illustrated.  They  have  the  same  general 
formula ;  and  under  this  formula  there  is  but  one  difference  of  any  importance,  vix. ,  that 
lime  is  a  prominent  ingredient  in  aU  the  varieties  of  pyroxene,  while  it  is  wanting,  or  nearly 
90,  in  some  of  those  of  hornblende.  The  analogy  between  the  two  species  in  crystallization, 
or  their  essential  isomorphism,  was  pointed  out  by  G.  Rose  in  1881,  who  showed  that  the 
forms  of  both  were  referable  to  one  and  the  same  fundamental  form.  The  prism  /  of  hom« 
blende  corresponds  in  angle  to  i-2  of  pyroxene.  Calculating  from  the  angle  iA  /in  pyroxene, 
87°  5',  the  angle  of  »-2  is  precisely  124°  80',  or  the  angle  /A  /in  hornblende.  But  while  thus 
isomorphous  in  axial  relations  or  form,  they  are  also  dimorphoue.  For  (1)  the  cleavage  in 
pyroxene  is  paivllel  to  the  piism  of  87*^  6',  and  in  hornblende  to  that  of  124^**.  (2)  The  occur- 
ring secondary  planes  of  the  latter  are  in  general  diverse  from  those  of  the  former,  so  that  the 
crystals  differ  strikingly  in  habit  or  system  of  modifications.  Moreover,  in  pyroxene  colum- 
nar and  fine  fibrous  forms  are  uncommon ;  in  hornblende,  exceedingly  common.  (3)  The 
several  chemical  compounds  under  pyroxene  have  one-tenth  higher  specific  gravity  than  the 
corresponding  ones  under  hornblende. 

Vom  Bath  has  described  the  occurrence  of  minute  crystals  of  hornblende  in  parallel  posi- 
tion upon  crystals  of  pyroxene  (Vesuvius),  and  in  consequence  of  the  relation  between  the  two 
forms,  thus  brought  out,  suggests  a  change  in  the  commonly  accepted  fundamental  form  el 
the  latter.  ( Jahrb.  Min.,  1876.)  This  association  of  crystals  of  the  two  species  in  parallel 
position  is  not  uncommon. 

Obs. — Amphibole  occurs  in  many  crystalline  limestones,  and  metamorphic  granitic  and 
schistose  rocks,  and  sparingly  in  serpentine,  and  volcanic  or  igneous  rocks.  Tremolite,  the 
magnesia-lime  variety,  is  especially  common  in  limestones,  particularly  magnesian  or  dolomi- 
tic ;  aotinolite,  the  magnesia-lime-iron  variety,  in  steatitic  rocks ;  and  brown,  dark-gieen, 
and  black  hornblende,  in  chlorite  schists,  mica  schist,  gfneiss,  and  in  various  other  rocks 
(qrenyte,  dioryte,  etc.),  of  which  it  forms  a  constituent  part.  Asbestus  is  often  found  in  con- 
nection with  serpentine.  Hornblende  is  often  disseminated  in  black  prisma  tic  crystals  thrcHigh 
trachyte,  and  also  through  other  igneous  rocks,  especia]ly  the  feldspathic  kinds. 

Aussig  and  TepUtz  in  Bohemia,  Tunaberg  in  Sweden,  and  Paigas  in  Finland,  afford  fine 
specimens  of  the  dark-colored  hornblendes.    AcUndite  in  the  Zillerthal;  tremoUte  at  81 

othard,  in  granular  limestone  or  dolomite ;  the  Tyrol ;  the  Bannat,  etc.    Asbestus  is  found 

I  Savoy,  Salzburg,  the  Tyrol ;  in  the  island  of  Ck>rsica.     Some  localities  in  the  U.  S.  are : — 

arlisle,  Pelham,  etc.,  Mass.,  cummingtonite  at  Gummington.     In  Conn.,  white  carystals  of 

«emolite  in  dolomite,  Canaan.     In  IL  Tork^  WUlsboro\  St.  Lawrence  Co.;  Warwidc;  with 

,  >yroxene  at  Edenville;  near  Amity ;  in  Rossie ;  the  variety  pargasite  in  large  white  cxyrtali 

at  Diana,  Lewis  Oo.    In  Penn. ,  aotinolite  at  Mineral  Hill,  in  Delaware  Go. ;  at  Unionvillei 

In  Maryland^  aotinolite  and  asbestus  at  the  Bare  Hills ;  asbestus  at  Gooptown. 

Hbzaoonitb. — Described  as  a  new  mineral  by  Goldsmith,  but  shown  by  Koenig  to  be  only 
a  variety  of  tremolite.     From  Edwards,  St.  Lawrenoe  Co.,  K.  Y. 

ABFyED80NiTE.^^Near  hornblende,  but  contains  alkalies.  Analysis,  Bamm.,  Greenland, 
SiO,  61-22,  AlOa  tr..  FeO,  2:^75,  FeO  7*80,  MnO  112,  GaO  208,  MgO  0-90,  Na,0  10-68, 
KsO  0*68,  ign  016=98-29.    Greenhind ;  Brevig ;  Arendal. 

Gbocidolite. — Composition  uncertain,  near  arfvedsonite.  Analysis,  Stromeyer,  SiO, 
61-22,  FeO  34  08,  MnO  010,  MgO  248,  CaO  003,  Na,0  7  07,  H.O  4-80=99-7a  Fibrous, 
asbestus-like.  Sometimes  altered  to  ^^  Faserquarz.^  Color  lavender-blue  or  leek-green. 
Orange  river.  So.  Africa.     Yosges  Mts. 

GA8TALDTTE.— Monoolinic.  Cleavage  prismatic,  1aI=  124°  25'  (like  amphibole).  H.^ 
6-7.  G.=3'044.  Color  dark-blue  to  azure-blue.  Streak  greenish-blue.  Q.  ratio  B  :  fi :  81 
=1:2-6;  formula  BsAlsSioOiT,  with  B=Fe,Mg,Ca.Na3.  Analysis,  Striiver,  SiO,  68*55, 
iklO,  21-40,  FeO  9  04,  MgO  3 '92,  CaO  2  03,  Na^O  4-77,  K,0  tr=:99-71.  Occurs  in  chlorite 
date  in  the  valleys  of  Aoeta  and  Locano. 

GliAUCOFHAiiG.^Monooiinic.    Cleavage  prismatic,  i  A 7=124'' 61'.    H.=6'5.    a.?:3*O007 
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Color  Una,  bhdah-black.    Q.  xatio  for  bases  to  silicon  1  :  3.    Analysis  from  Zermatt,  hj 
Bodewig,  SiO,  57^1,  M0»  12-08,  FeO»  217,  FeO  5-78,  MgO  18-07,  GaO  2*20,  Na,0  7*88 
:=100'45.     AliBO  from  island  of  Syra. 
WiCHTisiTB,  Finland. — Perhaps  identioal  with  glaacophane. 
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Hexagonal.     {?  A 1  =  150°  3' ;  ^  =  0499.     Habit  prismatic,  the  prism 
often  vertically  striated.     Cleavage :  basal  imperfect ;  lateral  indistioct 
Occasionally  coarse  columnar  and 
large  granular. 

H.  =  7-5-8.  G.  =  2-63-2-76. 
Lustre  vitreous,  sometimes  resin- 
ous. Color  emei-ald;green,  pale 
^reen,  passing  into  light-blue,  yel- 
low, and  white.  Streak  white. 
Transparent  —  subtranslucent. 
Fracture  conchoidal,  uneven.  Brit- 
tle. Double  refraction  feeble; 
axis  negative. 

Var.-This  species  is  one  of  the  few  that  Haddam,  Ot.  Siberia, 

occor  only  in  crystals,  and  that  have  no  es- 
sential YariatioDS  in  chemical  composition.  There  are,  howeyer,  two  prominent  gronps  depend- 
ent on  color,  the  color  varying  as  chrome  or  iron  is  present ;  but  only  the  merest  trace  of  either 
exists  in  any  case.  The  crystals  are  nsaally  oblong  prisms.  1.  Emerald.  Color  bright 
croerald-green,  owing  to  the  presence  of  chromium.  Hardness  a  little  less  than  for  beryl, 
according  to  the  lapidaries.  2.  Beryl.  Colors  those  of  the  species,  excepting  emerald-green, 
and  due  mainly  to  iron.  The  varieties  of  beryl  depending  on  color  are  of  importance  in  the 
arts,  when  the  crystals  are  transparent  enough  to  be  of  value  as  gems.  The  transparent 
bluish-green  kinds  are  called  oquaTJiariru ;  also  apple-green ;  greenish-yellow  to  iron-yel- 
low and  honey-yellow.  DavtdsoniU  is  nothing  but  gn^enish-yellow  beryl  from  near  Aberdeen ; 
and  ffoifAenite  is  a  colorless  or  white  variety  from  Goshen,  Mass. 

Oomp.~BeiMSi«0,.=SiUoa  66*8,  alumina  191,  glucina  141=100. 

Pyr,,  etc. — B.B.  alone  unchanged  or  becomes  clouded;  at  a  high  temperature  the  edges 
are  roonded,  and  ultimately  a  vesicular  scoria  is  formed.  Fusibility=5'5  (KobeU).  Gloss 
with  borax  clear  and  colorless  for  beryl,  a  fine  green  for  emerald.  Slotvly  soluble  with  salt 
of  phosphorus  withoat  leaving  a  siliceous  dteleton.  A  yellowish  variety  from  Broddbo  and 
Finbo  yields  with  soda  traces  of  tin.     Unacted  upon  by  acida 

BifE. — Distinguished  from  apatite  by  its  hardness,  not  being  scratched  by  a  knife,  also 
harder  than  green  tonrmaline ;  from  ohrysoberyl  by  its  form,  and  from  eudase  and  topas  by 
ite  imperfect  cleavage ;  never  massive. 

Obfl. — Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests  (not  in  veins),  near  Muso, 
etc. ,  in  N.  Granada ;  in  Siberia.  Transparent  beryls  {aquamarines)  are  found  in  Siberia, 
Hindostan,  and  BrazU.  Beautiful  crystals  also  occur  at  Elba ;  Ehrenmedersdorf ;  Schlacken- 
wald ;  at  St.  MichaeFs  Mount  in  ComwaU ;  Limoges  in  France ;  in  Sweden ;  Fossum  in  Nor- 
way ;  and  elsewhere. 

B^ls  of  gigantic  dimensions  have  been  found  in  the  United  States,  in  N.  Hamp.^  at 
Aoworth  and  Grafton,  and  in  Maee.,  at  Boyalston ;  but  they  are  mostly  poor  in  quality.  A 
crystal  from  Grafton,  according  to  Prof.  Hubbard,  measures  45  in.  by  24  in  its  diameter,  and 
a  single  foot  in  length  by  calculation  weighs  1,076  lbs.,  making  it  in  aU  nearly  2^  tons. 
Other  localities  are  in  Mass.,  at  Barre ;  at  Goshen ;  at  Chesterfield.  In  Conn.^  at  Uaddam; 
Hiddletown ;  at  Madison.     In  Penn. ,  at  LeiperviUe  and  Chester ;  at  Mineral  HilL 

BUDIALTTB. — BhombohedraL  Color  roBe-red.  Exact  composition  uncertain.  Analysis, 
Damoor,  SiO,  50*38,  ZrO,  15-60,  Ta,0»  0*85,  FeO  6*37,  MnO  1-61,  CuO  9  23,  Na^O  13*10, 
01 1*48,  HaO  1-25=99*37.  West  Greenland.  SacoLrrE  is  similar,  but  contains  also  some 
of  the  cerium  metals.    Norway. 

PoLLUCiTB.'^R,i^Si40i,+2aq  with  K=  mostly  Cs(Na,Li).  If  Na  :  C8=l  :  2,  then 
BK),  42-6,  ^O.  18*2,  Cs^O  33  i,  Na,0  3*7,  HaO  21=100.  Isoisetria  CdorleoL  Uand  of 
Blbe  with  castcrite. 
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Chrysolite  Group. 

OBSYSOUTB,*  Oliyine.    Peridot 

/A/=  94*^  2' ;  ^  A  l-i  =128^  28' ;  c  :  ?  :  rf  -  1-2588  : 

1-0729:1.  6>Al-i  =  130^26i\  ii 
A  i-2,  ov.  i-i,  =  130"  2'.  Cleavage : 
i-{  rather  distinct.  Massive  and 
compact,  or  granular;  maally  iu 
imbedded  grains. 

H.=6-7.  G.=3-33-3-6.  Liisti-e 
vitreous.  Color  green — commonly 
olive-green,  sometimes  yellow, 
brownish,  grayish-red,  grayish- 
green.  Streak  usually  uncolored, 
rarely  yellowish.  Transparent- 
translucent.    Fracture  conchoidal. 


WEW 


Oomp.,  Var. — (Mg,Fe)sSi04«  with  traces  at  times  of  Mn,  Ca,  NL  The  amount  of  iiod 
rariesmach.  If  Mg  :  Fe=12  :  1,  the  formula  requires  Silica  41 '39,  magnesia  50'90,  iron 
protoxide  7'71=100 ;  Mg  :  Fe=9  :  1,  6  :  1,  etc,  and  in  hycUosid&rite  2  :  1. 

P3rr.|  etc. — B.B.  whitens,  but  is  infusible  ;  with  the  fluxes  gives  reactions  for  iron.  Hjra- 
Loeiderite  and  other  varieties  rich  in  iron  fuse  to  a  black  magnetic  globule.  Some  yarietiea 
five  reactions  for  titanium  and  manganese.  Deoomposed  by  hydrochlorio  add  with  separa- 
tion of  gelatinous  silica. 

Diff. — Distinguished  by  its  infusibility.  Commonly  observed  in  small  yellow  imbedded  grama 

Obs. — A  common  constituent  of  some  eruptive  rocks ;  and  also  occurring  in  or  among  meta* 
morphic  rocks,  with  talcose  schist,  hypersthene  rocks,  and  serpentine ;  or  as  a  rock  formation ; 
also  a  constituent  of  many  meteorites  {e.g.^  the  Pallas  iron). 

Occurs  in  eruptive  rocks  at  Vesuvius,  SicUy,  Hecla,  Sandwich  Islands,  and  most  volcanic 
i;ilands  or  regions ;  in  Auvergne ;  at  XJnkel,  on  the  Rhine :  at  the  Laacher  See ;  in  dderite  oi 
basalt  in  Canada.  Also  in  labradorite  rocks  in  the  White  Mountains,  N.  H.  (hyaUmderiU) ;  in 
Loudon  Co.,  Ya. ;  in  Lancaster  Co.,  Pa.,  at  Wood's  Mine. 

The  following  are  members  of  the  ChrytoUte  Ghwip  : 

FoBSTBRiTE. — MgaSiOi.  Like  ohiysoUte  in  physicid  characters.  Vesuvius.  BoLTONlTl, 
essentially  the  same.    Bolton,  Mass. 

MoNTiCRLLrrs,  from  Mt.  Somma,  and  Batrachite,  from  the  Tyrol,  are  (0a,M^9Si04, 
with  Ca  :  Mg=l  :  1.  H.=5-5'5.  G.=S'03rr3'25.  Monticellite  also  occurs  in  laige quantitiei 
(v.  Rath)  on  the  Pesmeda  Alp,  Tyrol,  altered  to  serpentine  and  fassaite. 

Fatalite.— Fe9Si04.  G.  =4-414.  Color  black.  In  volcanic  rocks  at  Fayal,  Azoras ; 
Moume  Mts.,  Ireland. 

HoRTONOLiTE.— (Fe,Mg).iSi04,  with  Fe  :  Mg=:8  :  3.     O'Neil  mine,  Orange  Co.,  N.  Y. 

TEPHRorrE— MnjSi04.    G.  =4-4*12.    Color  reddish-brown.    Sterling  Hill,  N.  J.;  Sweden. 

RoEFFERiTE. — ^An  irou-manganese-zinc  chiyeolite.  BL  =5*5-6.  6. =3  "95-4 -OS.  Coloi 
dark-green  to  black.     Stirling  ^1,  N.  J. 

Knkbklitb.— (Fe,Mn)aSi04,  with  Fe  :  Mn=l  ;  1.     G.=412.     Color  gray.     Dannemora. 


Leucophantte.*— Composition  given  by  the  analysis  (Ramm.)  SiOs  47*03,  MOt  1  "03,  BoO 
10-70,  CaO  23-87,  MgO  0*17,  Na,0  11*26,  KiO  030,  F  6*57=10043.  Orthorhombia  G.= 
2*97.     Color  greenish-yellow.     Occurs  in  syenite  on  the  island  of  Lamoe,  Norway. 

Melifhanite  (Melinophan). — Composition  g^ven  by  the  analysis  (Ramm.)  SiOs  43*66, 
MO.CPeO,)  1-57.  BeO  11-74,  OaO  26*74,  MgO  Oil,  Na,0  8  55,  K,0  140,  H.O  030,  P  5«78 
=99*80.     G.=3*018.     Orthorhombie.     Color  yellow.     Fredriksvarii,  Norway. 

W5HLERITE.— Composition  given  by  the  analysis  (Ramm.)  SiOs 28*43,  Cb,Ot  14*41, 2K)i 
19-68,  CaO  2618,  FeO(MnO)  2  50,  NaaO  7-78=98-93.  Monodinic.  G.=3-41.  Color  light' 
yellow.    Near  Brevig,  Norway. 
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WiUemite    Group. 
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WTTiTiTIMTTB. 

Rhorabohedral.  RaJR  =  IIG^  1',  (9Ai?  =  142^  17' ;  ^  =  0-67378.  Cleav- 
age: i-2  easy  in  N.Jersey  crystals;  0  easy  in  those  of  Moresnet.  Also 
massive  and  in  disseminated  grains.   Sometimes  iibrons. 

H.=5-5.  G.=3-89-4-18 ;  4-27,  transparent  crystals 
(Cornwall),  Lustre  vitreo-resinous,  rather  weak.  Color 
wKitish  or  greenisli-yellow,  when  purest ;  apple-green, 
flesh-red,  grayish-white,  yellowish-brown ;  often  dark- 
brown  when  impure.  Streak  uncolored.  Transparent 
to  opaque.  Brittle.  Fracture  conchoidal.  Double 
.efraction  strong ;  axis  positive. 


Var^ — The  GryBtalB  of  Moiesnet  and  New  Jersey  differ  in  occurring 
forma.  The  latter  are  often  quite  large,  and  pass  under  the  name  of 
troostUe;  thej  are  commonly  impure  from  the  presence  of  man- 
ganeee  and  iron. 

Ck>mp.— Zn,SiO«=SUica  27'1,  ono  oxide  72*9=100. 

Pyr.,  etc^ — B.B.  in  the  forceps  glows  and  fuses  with  diffloull^  to 
a  white  enamel ;  the  Tarieues  from  New  Jersey  fuse  from  8*5  to  4. 
Thejiowdered  mineral  on  charcoal  in  B.F.  gives  a  coating  yellow 

while  hot  and  white  on  oooling,  which,  moistened  with  solution  of  cobalt,  and  treated  in  O. 
F.,  is  colored  bright  green.  With  soda  the  coating  is  more  readily  obtained.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obs. — From  Vieille-Montagne  near  Moresnet ;  also  at  Stolberg ;  at  Baibel  in  Garinthia  | 
at  KuGsaina  in  Servia,  and  in  Qreenland.  In  New  Jersey,  at  both  Franklin  and  Stirling  in 
such  quantity  as  to  constitute  an  important  ore  of  sina  It  occurs  intimately  mixed  with 
Bnoite  and  f ranklinite,  and  is  f oimd  massive  of  a  great  variety  of  colors,  from  pale  honey- 
yellow  and  light  green  to  dark  ash-gray  and  flesh-red ;  sometimes  in  crystals  {troosUU), 


DIOPTASB.    Emerald-Copper. 

Ehombohedral ;  tetartohedral.     RhB  =126**  24' ;  OhR 
i  =  0*6281.    Cleavage :  li  perfect    Twins :  twinning- 
plane  JS.    Also  iDassive. 

H.=5.  G.=3-278-3-348.  Lustre  vitreous.  Color 
emerald-^reen.  Streak  green.  Transparent — subtrans- 
lucent.  Tractnre  conchoidal,  uneven.  Brittle.  Double 
refraction  strong,  positive. 

Oomp^— Q.  ratio  for  Cu  :  Si :  H=:l :  2  :  1 ;  formula  H90uSi04 
(Bamm.)=Bl]ica  381,  copper  oxide  504,  water  11'6=100. 

Pjrr.,  etc. — In  the  closed  tube  blackens  and  yields  water.  B.B. 
decrepitates,  colors  tne  flame  emerald-green,  but  is  infusible.  With 
the  fluxes  gives  the  reactions  for  copper.  With  soda  on  charcoal  a 
giobole  of  metaUic  copper.    Decomposed  by  acids  with  gelatinization. 

Oba« — ^Dioptaae  occurs  disposed  in  weU-defined  crystals  and  amor- 
phous on  quarts,  occupying  seams  in  a  compact  limestone  west  of  the 
hill  of  Altyn-Tubeh  in  the  Kiig^heee  Stepges ;  also  in  the  Siberian 
gold-washings.  From  Chase  Creek,  near  Clifton,  Arizona,  in  fine 
crystals,  on  a  "mahojonny  ore,"  consisting  of  limonite  and  copper  oxide. 

FHEKAaTV.— BotSiOi.  Bhombohedral.  Colorless.  Resembles  quartz.  Takovaja 
Dnrango,  Mexico. 
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FaiBDBLiTB.  — Bhombohedzal.  OaB=1A!7'*;  EaB=12S^  43'.  Cleftyage:  O  msy. 
H.— 4.75.  G.=:3.07.  Also  maasive,  sacoharoidal.  Color  rose-red.  Tmnalncentb  BoaUc 
refraction  strong,  axis  negatiye.  Analysis,  SiOi  86.12,  MnO  (FeO  tr)  63-05,  MgO,  CaO  2-96. 
HsO  7-87=100  This  corresponds  to  the  formula  MniSitOio+dHaO.  If  the  water  is  basio. 
as  in  dioptase,  with  which  it  seems  to  be  related  in  form,  the  formula  is  H4Hn4SiaOi»= 
BaSi04.  This  requires  SiOs  8600,  MnO  56*80,  H9O  7*20=100.  Occurs  with  diallogite  and 
alabandite  at  the  manganese  mine  of  Adervielle,  Hautes-PyrenSes.  (Bertrand,  C.  B.,  Hay, 
1876.) 


iBometric :  tetraliedral.    Cleavage :  octahedral,  in  traces. 

H.=6-6*5.  G.=8-l-8'3.  Lustre  vitreous,  inclining  to  resinons.  Color 
honey-yellow,  inclining  to  j-ellowish-bi'own,  and  siskin-green.  Streak  un- 
colored.     Subtranslucent     Fracture  uneven. 

Oomp.— Q.  ratio  for  B  :  Si=l :  2 ;  for  Mn+Fe  :  Be=l  :  1 ;  formula  8(Be,Mn,Fe)sSi04+ 
(Mn.Fe)S  (Bamm.).  Analysis  by  Teich,  Lupikko,  Finland,  SiOt  80*81,  BeO  10-51,  MdO 
87-87,  FeO  10-87,  OoO  4-72,  ign  0  22,  S  5*95=99*95. 

^yr,f  etc. — Fuses  at  8  in  B.  F.  with  intumescence  to  a  yellowish-brown  opaque  bead,  becom- 
ing darker  in  B.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by  hydro- 
ciiloric  add,  with  evolution  of  sulphuretted  hydrogen,  and  separation  of  gelatinous  silifOb. 

Obs. — Occurs  in  gneiss  at  Schwarzenbeig  in  Saxony ;  at  Breitenbrunn.  Saxony ;  at  H<ffte- 
koUe  near  Modnm,  and  also  at  Brevig  in  Norway,  in  zircon-syenite. 

DANAIiZTB.* 

Isometric.  In  octahedrons,  with  planes  of  the  dodecahedmn ;  the  dode- 
cahedral  faces  striated  parallel  to  the  longer  diagonal. 

H.=6*6-6.  G.=3*427.  Lustre  vitreo-resinous.  Color  flesh-red  to  gray. 
Streak  similar,  but  lighter.  Translncent.  Fractm'c  subconchoidal,  uneven. 
Brittle. 

Oomp.— 8(Be,Fe,Mn,Zn),Si04-4-(Fe,Mn,Zn)S.  Analysis:  J.  P.  Oooke,  Bockport,  SiOs 
81*78,  FeO  27*40,  MnO  628,  ZnO  17*51,  BeO  1888,  S  5*48=102*28.  By  subtracting  from 
the  analysis  oxygen  2 '74,  equivalent  to  the  sulphur,  the  sum  is  99*49. 

Pyr.^  etc. — B.  B.  fuses  readily  on  the  edges  to  a  black  enameL  With  soda  on  charcoal  gives 
a  slight  coating  of  zinc  oxide.  Perfectly  decomposed  by  hydrochloric  acid,  with  evolution  of 
sulphuretted  hydrogen  and  separation  of  gelatinous  silica. 

Obs. — Occurs  in  the  Bockport  granite,  Gape  Ann,  Mass.,  small  grains  being  diasftminatBd 
through  this  rock ;  also  near  Gloucester,  Mass. 

BuLTTrTE  (Kieselwis  nuth.  Germ.), — Isometric,  tetrahedral;  in  minute  onrstals  often 
aggregated  together.  H.=4'0--5.  G.  =6*106.  Color  grayish-white  to  brown.  C!i?f?tp.  A  uni- 
silicate  of  bismuth,  BiiSiaOis.  Schneeberg.  AgricoUte,  Composition  similar,  bat  form 
monociinic.  Oucurs  in  globular  masses  having  a  radiated  structure,  and  in  indistinct  groups 
of  crystals.     Schneebeig  (color  hair-brown)  and  Johanngeorgenstadt  (color  wine-yellow). 

BiSHUTOFERRiTB.— Cryptocrystalline ;  generally  massive.  H.=8*5.  G.=4*47.  Cdof 
idive-green.  Analysis  (Frensel)  SiOt  24  05,  FeOs  88*12,  Bi,0a  42  88=100.  Schneebeig. 
Hffpoe/dorite  is  homstone  mixed  with  the  above  mineral  and  other  impurities. 


Oarnet    Oroujp. 
OARMBT.*  Gzaiiat,  Qenoi. 


bometric;  dodecahedron,  f.  537,  and  the   trapezohedron  2-2,  f.  688, 
tho  moat  common  forms;  octahedral  form  verj  rare.    Distorted  formi 
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shown  in  f.  345-352, pp.  105, 106.  Cleavage:  dodecahedral, sometimes quit« 
distinct.  Twins:  twinniiig-plane  octahedral.  Also  massive;  granular, 
coarse,  or  fine,  and  Bometimes  friable;  lamellar,  lamellfe  tliick  and  bent. 
Also  very  compact,  cryptOHjrystalline  like  sanssnrite. 


H.=6-5-7*5.  G,=;3"15-4'8.  Lustre  vitreous — resinous.  Color  red, 
brown,  yellow,  white,  apple-green,  black ;  some  red  and  ereen  colore  often 
lirieht-  Streak  white.  Transparent— siibtrauslncent.  Tracture  suhoon- 
chotdal,  uneven.  Brittle,  and  sometimes  friable  when  granular  massive; 
very  tough  when  compact  cryptocrystailine.  Sometimes  doubly  refi-acting 
in  (M>n3equencc  of  lamellar  structure,  or  in  some  cases  from  alteration. 

Oomp,,  Tar. — Qamet  is  &  nnUUfcate  of  elamenla  In  the  sesquioxide  mud  protoxide  itatc^ 
tuTiug  ttie  genaraJ  formnla  RiRSiiOn.  Tbera  are  three  promiueut  gronpe,  based  on  the 
tiatuTB  of  the  predominating  Beaqnioxide. 

I.  ALmuMA  aABNET,  in  whiclti  aluminuin  (-M)  pradominateB. 

n.  Irom  Sabhet,  In  whioh  iron  <¥«)  predomiiiatea,  amBll;  nitli  some  olnmlnam, 

III.  Cbkomb  qasnkt  in  which  eAromivm  (€r)  is  most  prominent. 

There  ore  the  foUowiDgTotietieeor  subapecieB,  based  on  the  predominance  of  one  oianothM 
of  the  protoxides : 

A.  OaosanLARiTB,  or  Lime-Alaminn  garnet.  B.  Pvrofe,  or  Magnaia-Ahimina  gam«L 
C.  Ki.ii.AR'Dns,  or  Iron- Alumina  gar nH.  D.  ^iVKBi/iMifTK^or  MiingitJitte-AiumintigaTnat. 
E.  Akdradite,  or  Lime-Iron  garnet,  including  1,  ordinair ;  3,  mongaaesian.  or  Bothoffite; 
'i,  jttdferoiw,  oi  Ttter-gamet.  ?.  BREDUEKaiTB,  or  Lima- Magaegia- Iron  garnet,  O. 
Odtabovitk,  or  Lime- Chrome  garitet.  Exoepting  the  last,  these  sabdivlsions  blend  with  one 
another  more  or  leas  completely. 

A.  Lima-MuniinagaTn«t;Qsovwii,KWTX.  Cionamon  atone.  A  silioate  mainly  of  alnminnin 
and  oaldnm ;  formnla  moatly  CaiAlSi|0,,= Silica  40*0,  olnmina  22'8,  lime  37 '2=100.  But 
some  oaloiom  often  replsoed  by  iron,  and  tboa  gradoating  toward  the  Almandite  group.  Colot 
(n)  white;  (b)  pale  jreon  ;  (e)  amber-  and  honey -fsllow ;  (tf)  wine -Tell  om-,  browmsh-yallow, 
cinnamon- brown:  rarely  {e)  emerald-green  from  the  preasnoe  of  chromiam.     O.  =8*4--3'TB. 

B.  Mrgnttia-Alumina  garnet;  Ptropb.     A  silicate  of  slaniiDiua,  with  Torioaa  proMxlda 

S  which  inagneoinm  predominates  much  io  atomic  proportions,  while  in  amall  pra- 
er  garnets,  or  alMent.    Formnla  [Ug,Ca,Fe,Iln1iAiai,0ii.     The  original  pyropa 


putlOE 
Eithel 


n  the  kind  oontaining  ohromium.  In  the  aaulrsis  of  the  Arendal  magnesia -garnet,  Ug  :  Oa  t 
?e-i-Xn=8  -.l-.Z;  810,  43'4S,  MO,  2S'4T,  FeO  939,  MnO  S-37,  MgO  Id  «!,  CaO  GRSs 
Hn-4*  Wacht.    G.  i^aiBT.     The  name  pgrvpe  is  from  nvpux6:.  fire-Uke. 

0.  Iron-Alumina  garnet;  Aluanditb.  A  ailicate  mainly  of  aluminnm  and  iron  v?e); 
formnla  Fe.AlS1.0,.  =  Silica  SS't,  alumina  20-6,  iron  piotoiido  4.*i'3  =  100;  cr  Mo  may  re- 
place some  of  the  Fe,  and  Fe  part  of  the  Al.  Color  flne  deep-red  and  transporeDt,  and  thnn 
nailed  preeiovi  garnet ;  also  brownish-red  and  transluoent  or  aubtran&lnoent,  common  garnet; 
black,  and  then  referred  to  Tar.  mtlOTiite,  Part  of  oommoTt  garnet  belor^B  t«  the  AndroMt 
ITonp,  or  is  hoa  garneb 
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D.  Manganete-Ahimina  oarnet;  Sfe88ABTitib.  Color  dark  Iijnomih-x«d  (fr.  Spemxt), 
Bometimes  with  a  shade  olTiolet,  to  brownish-red.  G.=8'7-4'4.  AnalysiBy  Haddam,  Ot. 
SiO,  86  16,  A],0.19-76,  FeO  1110,  MnO  3218,  MgO  0*22,  GaO  0*58=100,  Ramm. 

£.  iMne- Iron  garnet ;  Amdraditb.  Aplome.  Color  various,  indadis^^  wine-,  topas-, 
and  greenish-yellow  (topazolite),  apple-green,  brownish -red,  brownish-yellow,  gzayiah-gxeen, 
dork  green,  brown,  grayish-blaok,  black.    Q. =8.64-4. 

Comp.— CaiFeSisOi3,  this  inolades :  (a)  TopcuuUtey  having  the  color  and  transparency  of 
topaz,  and  also  sometimes  green ;  although  resembling  essonite,  Damonr  has  shown  that  il 
belongs  here,  {h)  CvUfphanite^  a  oowse  granular  kind,  brownish-yeUow  to  durk  reddish- 
'%rown  in  color,  resinous  in  lustre,  and  osually  with  iridescent  hues ;  named  after  the  resin 
ooiophany,  (c)  MdanUe  (named  from  /^^oc,  black),  black,  either  dull  or  lustrous:  bnt  all 
blade  garnet  is  not  here  indnded.  I^eneUe  is  grayish-blaok  melanite ;  the  original  afforded 
Yanquelin  4  p.  a  of  water,  and  was  izidesoeDt,  indicating  indplent  alteration.  (3)  Dark  green 
garnet,  not  distinguishable  from  some  alloohroite,  except  by  chemical  meana 

F.  lAme-Magrugia  Iron  go/met ;  Bbedbesoitb.  A  variety  from  Sala,  Sweden,  ia  here 
Induded.  Formula  (Ca,Mg)aFeSiaOis= Silica  87*2,  iron  sesquioxide  38*1,  magnesia  12-4, 
lime  17*3=100.     It  corresponds  under  Iron  g^aznet  nearly  to  aplome  under  Alumina  gainetb 

G.  Lime-  Chrome  garnet ;  OxTVABoyiTE.  A  silicate  of  caldum  and  chromium.  Formula 
Cai^rSi|0i9.  In  the  Ural  variety,  a  fourth  of  the  chromium  oxide  is  replaced  by  aluminum 
oxide;  that  is,  2^1 :  €fr=l  :  8  nearly.  Color  emerald-green.  H.=7*5.  G.  =8 '41-3 -52.  B.B. 
infuable;  with  borax  a  dear  chrome-green  glass.     Named  after  the  Russian  minister,  Uvsrol 

Pyr.,  eto. — Most  varieties  fuse  easily  to  a  light-brown  or  black  glass ;  F.  =8  in  almandite, 
■pessartitef  grossularite,  and  allochroite  ;  8*5  in  pyrope;  but  ouvarovite  is  almost  infusible, 
F.=6.  All<M^roite  and  almandite  fuse  to  a  magnetic  globule.  Reactions  with  the  fluxes 
vary  with  the  bases.  Almost  all  kinds  react  for  iron  ;  strong  manganese  reaction  in  spessar- 
ttte,  and  less  marked  in  other  varieties ;  a  chromium  reaction  in  ouvarovite,  and  in  most  py- 
rope. Some  varieties  are  partially  decomposed  by  adds ;  all  except  ouvarovite  are  decomposed 
after  Ignition  by  l^drochlorio  add,  and  generally  with  separation  of  gelatinous  silica.  Beoom- 
poeed  on  fusion  with  alkaline  carbonates. 

DUL — Ordinary  garnets  are  distinguished  from  zircon  by  their  fusibility  B  B.,  bnt  they  foM 
iesB  readily  than  vesuvianite ;  the  vitreous  lustre,  absence  of  prismatic  structure,  and  usually 
tiie  form,  are  characteristic ;  it  has  a  higher  specific  gravity  than  tourmaline. 

Obs,— G^amet  crystals  are  very  common  in  mica  schist,  gntiss,  syenitic  gndss,  and  hon- 
blende  and  chlorite  schist ;  they  occur  often,  also,  in  granite,  pyenite,  crystalline  limestones, 
sometimes  in  serpentine,  and  occasionally  in  trap  and  volcanic  tufa  and  lava. 

Some  localities  are:  Cinnamon-stone  {Eseonite),  Ceylon;  Mnssa-Alp  in  Piedmoni 
Qroatdarite^  Siberia;  Tellemark,  Norway;  Ural.  Almandite,  Ceylon,  Pegu,  Brazil,  and 
Greenland.  Common  garnet  in  large  dodecahedrons,  Sweden:  Arendal  and  Kongsberg  in 
Norway,  and  the  ZiUerthaL  Mdanite  at  Vesuvius  and  in  the  Han  tea-Pyrenees  {J^yreneiti), 
Aplome  at  Schwarzenberg  in  Saxony.  Speesartite  at  Spessart  in  Bavaria,  Elba,  at  St  Maroeli 
Piedmont.     I^pvpe  in  Bohemia,  also  at  Zoblitz  in  Saxony.     Ouvarovite  in  the  Urals. 

In  N.  America  in  Maine^  Phippsburg,  Rumf  ord,  Windham,  at  Brunswick,  eta  In  N,  Hamp., 
Warren.  In  Maes.^  at  Carlisle;  massive  at  Newbury;  at  Chesterfield.  In  Conn.,  trapoo- 
hedrous,  i-1  in.,  in  mica  slate,  at  Reading  and  Monroe  ;  Haddam.  In  jY.  York,  at  Roger's 
Book;  Crown  Point,  Basex  Co.;  at  Amity.  In  N,  Jersey,  at  Franklin.  In  Penn,,  in  Chester 
Co.,  at  Pennsbuzy ;  near  Knauertown,  at  Keims^  mine ;  at  Chester,  brown;  in  Ldperville, 
red ;  near  Wilmington.  In  California,  in  Los  Angeles  Co.,  in  Mt  Meadows ;  ouvarovite  at 
New  Idria ;  pyrope.  near  Santa  F4,  New  Mexico.  In  CancUla,  at  Marmora,  at  Grenville ; 
dirome -garnet  in  Orford,  Canada. 

The  dnnamon-stone  from  Ceylon  (called  hyadnth)  and  the  predous  garnet  are  used  as  gems 
when  large,  finely  colored,  and  transparent.  The  stone  is  cat  quite  thin,  on  account  of  the 
depth  of  color,  with  a  pavilion  cut  bdow,  and  a  broad  table  above  bordered  with  small  fsoetL 
An  octagonal  garnet  measuring  8i  lines  by  6i  has  sold  for  near  $700.  Pulverised  garnet  if 
■ometimes  employed  as  a  substitute  for  emery. 


Vesuvianite  Oroup. 
ZIROON.* 

Tetraeonal.  O  A  1-i  =  147^  22' ;  h  —  0-640373,  Haidiuger,  /A  1  = 
183^  10.  Faces  of  pyramids  sometimes  convex.  Cleavage:  /imperfect^ 
1  less  distinct.    Also  m  irregular  forms  and  gi*ains. 
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H.=7-5.    G.=4-05-4-75.    Lustre  adamantine.    Colorless,  pale  yellow- 
iah,  grayish,  yellowish-green,  brownish-yellow,  reddisli-brown.     Streaky  uii 
colored.     Transparent  to  subtranslucent  and  opaque.     Fracture  couchoidal, 
brilliant.    Double  refraction  strong,  positive. 


541 


048 


545 


646 


I 


644 


Saoalpe. 


McDowell  Go.,  N.  0. 


Var. — The  coloileas  and  yeUowiah  or  smoky  siroonB  of  Ceylon  have  there  been  long  called 
jargoM  in  jewelry,  in  aUnaion  to  the  fact  that,  while  resembling  the  diamond  in  losize,  they 
were  comparatively  worthless ;  and  thence  calne  the  name  nreon.  The  brownish,  orange,  and 
reddish  kinds  were  caUed  distinctiyely  hyadntM — a  name  applied  also  in  jewelry  to  some  topas 
and  light-colored  garnet. 

Comp. — Zr3i04=:  Silica  33,  liroonia  67=100.  Klaproth  diacoyered  the  earth  ziroonia  in 
this  species  in  1789. 

Pyr.,  etc — Infosible ;  the  colorless  varieties  are  unaltered,  the  red  become  colorless,  while 
dazk-cc^ored  varieties  are  made  white ;  some  varieties  glow  and  increase  in  density  by  igni- 
tion. Not  perceptibly  acted  npon  by  salt  of  phosphorus.  In  powder  is  decomposed  when 
fused  with  soda  on  the  platinum  Wire,  and  if  tiie  product  is  dissolved  in  dilute  hydrochlorio 
acid  it  gives  the  orange  color  characteristic  of  zirconia  when  tested  with  turmeric  paper.  Not 
acted  upon  by  acids  except  in  fine  powder  with  concentrated  sulphuric  acid.  Decomposed 
by  fusion  with  alkaline  carbonates  and  bisulphates. 

DifE. — ^Distinguished  by  its  adamantine  lustre,  hardness,  and  infnsibility ;  the  occurrence  of 
square  prismatic  forms  is  also  charaoteristia 

Oba.— Occurs  in  crystalline  rocks,  especiaJly  granular  Umeetone,  chloritic  and  other  schists ; 
gneiss,  syenite ;  also  in  granite ;  sometimes  in  iron-ore  beds. 

Found  in  aUurial  sands  in  Ceylon ;  in  the  gold  regions  of  the  Ural ;  at  Arendal  in  Norway ; 
It  Fredericksvam,  in  zircon-syenite ;  in  Transylvania ;  at  Bilin  in  Bohemia.  < 

In  N.  America,  in  N.  York^  at  Moriah,  Essex  Co.,  and  in  Orange  Co.;  in  Warwick;  near 
Amity ;  at  Diana  in  Lewis  Co.;  also  at  Bossie.     In  N.  Jersey,  at  Franklin ;  at  Trenton  in 

riss.    In  N,  Car.,  in  Buncombe  Co.;  in  the  sands  of  the  gold  washings  of  McDowell  Go. 
OaUfoTtUa,  in  the  auriferous  gravel  of  the  north  fork  of  the  American  river,  and  else* 
where.    In  Canada,  at  Grenville,  etc. 


VIIBU  VlANim.*  IDOCRASB. 

Tetragonal.  O A li  =  151*^  45' ;  c  =  0-537199  (v.  Kokscharof).  O A 1 
=  142^  46i'  1 A 1,  ov.  1-i,  =  129°  21'.  Cleavage :  /  not  very  distinct,  O 
Btill  less  so.  Cohunnar  structure  rare,  straight  and  divergent,  or  irregalar. 
Sometimes  granular  massive.  Prisms  usually  terminating  in  the  bas^il  piano 
O ;  rarely  in  a  pyramid  or  zirconoid ;  sometimes  the  prism  nearly  wanting, 
and  the  form  short  pyramidal  with  truncated  summit  and  edges. 
20 
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II.=6'5.      G.=3'34:9-3*46.     Lnetre    Titreons;    often   inclining  to  i» 
inons.       Color   brown   to  green, 
Wl  and  tho  latter  freqnentlv  bright 

and  clear ;  oucasiouallv  sulphur 
yellow,  and  also  pale  bine ;  some- 
times green  along  the  axis, 
and  pistachio-green  transvereelj. 
Stream  wliite,  Siibtraii  a  parent — 
faintly  anbtranaluceut.  Fracture 
Bubconcboidal — n  neve  a.  Doable 
refraction  feeble,  a):is  negative. 

Oomp.,  Tar,— 4).  ratio  f  or  B  :  B  :  Sf= 
4:8:7  (aaoordiag  to  tite  lAtiest  inresti- 
gstions   of  Qammetsbeig).     B=Ck  (i1m 

If  we  neglect  the  wa.ter  the  empirical  for- 
nKi]a  ii  Q|R,Sl,Oii,  when  the  qaautiTalent  ratio  of  bases  to  silioon  is  I  :  1.  Tbentuxtf 
B  :  it  varies  mach,  wtiioh,  as  stated  by  Kammelsberg,  is  the  explanation  of  the  diSBnnt 
Taiieliea.    Analjees  by  BammeUberg.     (1)  Mouzoni ;  (2)  Wilui,  Siberia. 


Sio, 

AlO, 

FeO, 

FeO 

1^ 

CaO 

*a,OCK,0) 

H,0 

(1) 

87-32 

16-08 

8-76 

8«1 

2^11 

85-84 

0  18 

3-08=  8B-76 

(3) 

8S'40 

18-78 

CM 

. 

6«8 

85-04 

0-68 

0.82=101 -OS. 

Fyr.,  etc— B.B.  fniea  at  8  with  Intmnescenoe  to  a  pieenish  or  btownish  gjass.  lUgnit 
atatea  tiiat  the  density  aftei  foaion  ia  2-08-2'94fi,  With  the  flaxes  gives  teoctioas  for  inn, 
And  a  variety  from  St.  Maroel  gives  a  strong  mangnjieae  reaciioo.  Cyprine  gives  a  reaotion  fat 
copper  witli  salt  of  phosphorus.  Fartially  decomposed  by  hydiochlorto  acid,  and  oomplete); 
wb^  the  mineral  has  been  previously  ignited. 

DSfL — Beeembles  some  bTown  varietiee  of  garnet,  tourmaline,  and  epidote,  but  its  tatngnud 
form  sad  eney  fnsibility  distingoish  it. 

Obs. — TesaTionite  was  first  foand  among  the  ancient' ejeotiODS  of  Teenvios  and  the  dido- 
■nitio  blocke  of  Somma.  It  has  cdnoe  been  met  with  most  abundaiitly  In  grKDolar  limestone ; 
also  in  serpentiDe,  chlorite  schist,  gneiss,  and  related  rocks.  It  is  often  associated  with  Uue- 
garnet  and  pyroxene.     It  has  been  observed  imbedded  in  opaL 

Oocors  at  Teenvius  ;  at  Ala,  in  Piedmont ;  at  Monzoni  in  the  Fassatbal ;  near  ChiistiaiMUid, 
Norway ;  on  the  Wiliii  river,  near  L.  Baikal ;  in  the  TTrals,  and  elsewhere. 

In  N.  Ameiioa.  in  Maine,  at  Fhippabaig  and  Bnmlord,  abundant ;  Sandfoid  (f.  CCl).  In 
N.   York,  at  Amitr.     In  2f.  Jerieg,  at  Kewton.     In  Canada,  at  Calamet  FbUe  ;  at  Gcenville. 

Melilite  from  Capo  di  Bore,  and  HnilBOLDTlLlTE  from  Mt  Somma,  ore  similar  in  oom- 
pontion.  Analysis  of  the  melilite  by  Daraoor.  SiO,  8S'84,  AlOi  8  HI,  FeO,  10-03,  OaO  itf-OS, 
lfeO6-71,Na,O3-12,K,01-ei=»B-aa.     TetngimaL    Color  honey-yellow. 


EpidoU  Group. 

The  species  of  the  Epidote  Group  are  cbai-acterized  by  high  specific 
gravity,  above  8  ;  hardness  above  5  ;  fusibility  B.B.  below  4 ;  anieometric 

ciystallizatinn,  and  therefore  biaxial  polarization  \  the  dominant  pi'iEmatic 
angle  tl2°  to  117°  ;  fibrous  forme,  w)ien  they  occur,  alwavs  brittle ;  colors 
white,  gray,  brown_  yellowiBh-green,  and  deep  green  to  black,  and  some- 
times  reddish. 

The  prismatic  angle  in  loisite  and  other  ort^orhomblo  spedes  la  /a  / ;  but  is  epidote  it  Ii 
the  angle  over  a  horixoatal  edge  between  the  planes  O  and  i-i,  ^e  OTthoiliagonal  of  epidoH 
correeponding  to  the  vertical  axis  of  loisite,  as  explained  nnder  she  laUoc  qwcie^ 
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UPWOTIL    Fistaiito. 

MoiiocHnic.  0=z  89°  27' ;  i-2  A  i-2  =  63^  8',  (9  A  l-l  =  122*^  23' ;  o  :  J  :  n 
=  0-43436  :  0-30719  : 1.  Oa14  =  154**  3',  (/  A  -l-i  =  154^  15',  i-i  A  —1 
=  104''  48',  i-i  A 1  =  104''  16'.  Crystals  usually  lengthened  in  the  direc- 
tion of  the  orthodiagonal,  or  parallel  to  iri;  sometimes  long  aeicular. 
Cleavage :  i-i  perfect ;  l-i  less  so.  Twins :  twinuing-plane  l-^ ;  also  i-% 
Also  fiorous,  divergent,  or  parallel ;  also  granular,  particles  of  various  sizoB, 
Bometimes  fine  granular,  and  forming  roct masses. 

568 


H.=6-7.  G.=3'25-8'5.  Lustre  vitreous,  on  i-i  inclining  to  pearly  or 
resinous.  Color  pistachio-green  or  yellowish-green  to  bi'ownish-green, 
greenish-black,  and  black  ;  sometimes  clear  red  and  yellow  ;  also  gray  and 
grayisli'White.  Pleochroism  often  distinct,  the  crystals  being  usually  least 
yellow  in  a  direction  through  l-i  (see  p.  166).  Streak  uncolored,  grayish, 
Subti-ansparent— opaque ;  generally  subtranslucent.  Fracture  uneven. 
Brittle. 

Var. — ^Epidote  has  ordinarily  a  peculiar  yellowiRh-green  (pistaohio)  color,  seldom  found  in 
other  minerals.  But  this  color  passes  into  dark  and  light  shades — black  on  one  side,  and 
brown  on  the  other.  Host  of  the  brown  and  nearly  all  the  gray  epidote  belongs  to  the  speoieB 
Zamte;  and  the  reddish- brown  or  reddish-black,  containing  much  oxide  of  manganese,  to 
the  species  PiedmontiUj  or  Manganepidot ;  while  the  black  is  mainly  of  the  species  AUanUs^ 
or  G^nax-epidote. 

Oomp. — Qnantiyalent  ratio  for  Ga  :  fi  ;  Si=4  :  9  :  12,  and  H  :  Ga=l  :  4.  The  formula  is 
then  UiCa4lisSi60ja.  B  is  Fe  or  dl,  the  ratio  varying  from  1  :  2  to  1  :  6.  Analysis,  TJnte]> 
Bulzbacb,  Tyrol,  by  Ludwig :  810^  37-8:3,  AlO,  22-63,  FeO,  1505,  FeO  093,  GaO  23-27,  HaO 
2*05=100*76.  As  first  shown  by  Ludwig,  epidote  contains  about  2  p.  c.  water,  which  is 
given  off  only  at  high  temperatures. 

Pjrr.,  etc — In  the  dosed  tube  gives  water  at  a  high  temperature.  B.  B.  fuses  with  intumes- 
cence at  3-3*6  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  BeactB  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid.  Decomposed  on  fusion  with  alkaline  oar- 
bonates. 

Di£ — ^Distinguished  often  by  its  peculiar  yeUowish-green  color ;  yields  a  magnetic  globule, 
B.B.  Prismatic  forms  often  longitudinally  striated,  but  they  have  not  the  angle,  cleavage, 
or  brittleness  of  tremoUte. 

Obs, — Epidote  is  common  in  many  crystalline  rocks,  as  syenite,  gneiss,  mica  schist,  horn- 
blendic  sohLst,  serpentine,  and  especially  those  that  contain  the  ferriferous  mineral  horn- 
blende. It  ofteo  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  It  is  sometimes 
found  in  geodes  in  trap ;  and  also  in  sandstone  adjoining  trap  dikes,  where  it  has  been 
formed  by  metamorphism  through  the  heat  of  the  trap  at  the  time  of  its  ejection.  It  also 
oocora  at  times  in  nodules  in  diiferent  quartz-rocks  or  altered  sandstoaes.  It  is  associated 
often  with  quartz,  pyroxene,  feldspar,  axinite,  chlorite,  etc.,  in  the  Piedmontese  Alps. 

Beautiful  crystallizations  come  from  Bourg  d^Oisans,  Ala,  and  TraverseUa,  in  Piedmont, 
Zennati  and  elsewhere  in  Switzerland ;  Monzoni  in  the  Fassathal ;  the  Untersulzbachthal  and 
Zillerthal  m  the  Tyrol 

In  N.  America,  occurs  in  JfoM.,  at  Ghester ;  at  Athol ;  at  Rome.    In  Oonn^^  at  Haddans, 
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In  if.  Tcrk,  at  Amity ;  near  Monroe,  Orange  Go. ;  at  Warwick.  In  if.  Jeneg^  at  FnnUin 
In  P«7m.,  at  E.  Bradford.  In  MiohiQan^  in  the  liake  Snperior  region.  In  Canada^  at  Si 
Joseph. 

PifiDMOirTiTB  (Manganepidot,  Germ,), — ^A  manganese  epidote ;  formnla,  HaCaifitSiaOsi, 
with  fi  principally  Mn  (also  3kl,Fe).  Color  reddish-brown.  St  Haxoel,  Aosta  valley,  Pied- 
nont. 

ALLANITB. 

Monoclinic,  isomorplious  with  epidote.     C  =  89°  1' ;  O  A 14  =  122**  50  J', 

i-2  A  i-2  =  63**  68' ;    c  :h  :  d  = 
555  0-483755  :  0-312187  :  1.     Crygtak 

either  short,  flat  tabular,  or  long 
and  slender,  sometimes  acicular. 
Twins  like  those  of  epidote.  Cleav- 
age: i^i  in  ti-aces.  Also  maseive, 
and  in  angular  or  rounded  grains. 
H.=5-5-6.  G.=3-0-4-2.  Lustre 
submetalHc,  pitchy,  or  resuions— 
occasionally  vitreous.  Color  pitch- 
brown  to  black,  either  brownish,  greenish,  grayish,  or  yellowish.  Sti-eak 
fray,  sometimes  slightly  greenish  or  brownish.  Subtranslucent— opaque, 
'racture  uneven  or  subconchoidal.  Brittle.  Double  refi-action  either  dis- 
tinct, or  wanting. 

ygac.—AUanite  (Cerine).  In  tabular  otystals  or  plates.  Color  black  or  brownish-black. 
G.=3'50-3'05;  found  among  specimens  from  East  Qreenland,  brought  to  Scotland  by  G. 
Gieseckc.  Bueklandite  is  anhydrous  allanite  in  small  black  crystiEUs  from  a  mine  of  magnetite 
near  Arendal,  Norway.  Beferred  here  by  v.  Bath  on  l^e  ground  of  the  angles  and  physical 
characters. 

Orthite,  Including,  in  its  original  use,  the  slender  or  acicular  prismatic  crystals,  often  s 
foot  long,  containing  some  water.  But  these  graduate  into  massive  forms*  and  some  orthitei 
are  anhydrous,  or  as  nearly  so  as  much  of  t£e  allanite.  The  name  Ib  from  6pe6s,  straight. 
The  tendency  to  alteration  and  hydration  may  be  due  to  the  slenderuess  of  the  ciystols,  and 
the  consequent  great  exposure  to  the  action  of  moisture  and  the  atmosphere.  U.  =5-6. 
G.  =2*8(MJ*75.     Lustre  vitreous  lo  greasy. 

Oomp. — Not  altogether  certain,  as  analyses  vary  considerably,  some  showing  the  presence 
of  considerable  water.  According  to  Bammelsberg  the  Q.  ratio  for  bases  to  silicon =1  : 1 
(epldote=li  :  1).  Allanite  has  then  the  garnet  formula,  llsH6isOifi«  where  B=:Ce(La,Di), 
Fe(Mn),  Ca(Mg),  and  occasionally  T,Nas,Es,  etc.:  fi=2\:l  or  ¥e.  Analysis,  allanite  (fiamm.), 
Predrikshaab,  SiO,  38  78,  AID,  1403,  FeO,  6*36,  FeO  13-63,  CeO  12-C3,  LaO(DiO)  5  67,  CsO 
1212,  H,0  1-78= 100. 

Pyr.,  etc. — Some  varieties  give  water  in  the  closed  tube.  B.B.  fuses  easily  and  swells  ap 
(F.  =2*5)  to  a  dark,  blebby,  magnetic  glass.  WiUi  the  fluxes  reacts  for  iron.  Most  varietiii 
gelatinize  with  hydrochloric  acid,  but  3  previously  ignited  are  not  decomposed  by  acid. 

Obs. — Occurs  in  albitic  and  common  feldspathic  granite,  syenite,  zircon- syenite,  porpbyi^, 
white  limestone,  and  often  in  mines  of  magnetic  iron.  AUanite  occurs  in  Greenland ;  st 
Criffel  in  Scotland  ;  at  Jotun  Fjeld  in  Norway ;  at  Snaixtm,  near  Dresden  ;  near  Schnuede- 
feld  in  the  ThQringerwald.  Cerine  occurs  at  Bastniis  in  Sweden.  OrthiU  occurs  at  Finbo 
and  Ttterby  in  Sweden ;  also  at  Krageroe,  etc.,  in  Norway ;  at  Miask  in  the  Ural. 

In  Mass,^  at  the  Bolton  quarij.  In  Conn.,  at  Haddam  In  N.  York^  Moriah,  Essex  Co.; 
at  Monroe,  Orange  Co.  In  N,  JerMu^  at  Franklin.  In  Pmn, ,  at  £.  Bradford  in  Chester  Co.; 
at  Easton.     Amherst  Ca,  Va.     In  Canada,  at  St.  Paul's,  C.  W. 

MUBOMONTITB  and  BODENITE  from  Marienberg,  Saxony ;  and  MlCHASLSONXTE  frooi 
Brevig,  are  minerals  related  to  allanite. 

zoisira. 


Orthorhombic.     /A  7  =  116^  40',  <?  A  1-i  =  131°  1\'\  v:l\i^  l'U93 
;  1*62125  :  1.     Crystals  lengthened  in  the  direction  of  the  vertical  axis,  and 
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rertically  deeply  striated  or  furrowed.     Cleavage;  i-i  vorj  perfect.     Cora 
monly  in  orystalliiie  masses  longitudinally  fm-rowod. 
Also  compact  massive. 

H.=6-6-5.  G.=311-338.  Lustre  pearly  on  i-l; 
vitreouB  on  surface  of  fracture.  Color  grayish- white, 
gray,  yellowish,  brown,  greenish-gray,  apple-green ; 
also  peach-bloBsom-red  to  rose-red.  Sti-eak  uncolored. 
Transparent  to  Biibtransluccnt.  Double  refraction 
feeble,  optic-axial  plane  i-l ;  bisectrix  positive,  normal 
to  i-i ;  DeaCl. 

T«r,  —  liiMB-ZoiHTB.  1.  Ordinary,  CoIoth  gra,7  to  white 
mnd  brown.  2.  Hote-rixl,  oz  TAulitt.  0.=3-134;  IiBKUe ;  dichro- 
Imn  itrong,  eapeciallf  in  the  diiection  of  the  vertical  kxU  ;  in  this 
dicection  reddi^,  traniiTeisel;  oolotlees ;  from  Norway,  PiedmoDt. 
AitiMuritt,  vhiob  lonas  with  Bmaragdite  the  eaphotide  of  the  Alpg^ 
is  a  lime-aoda  xoirite. 

Oomp. — A  lime-epidote,  with  little  ot  no  iron,  and  thus  differiDg  from  epidote.  Q.  laUs. 
u  in  epidote,  H  :  Ca=I  :  4.  and  Ca  ;  R  :  Si=4  ;  9  :  12,  whence  the  fonnnla  H,Ca,R.SItOti. 
Anflljai*.  lUmm.,  Goshen  (0.  =3'll41)  SiO,  40-00,AlO,  80  67,  FeO,  3'4«.  CaO  aS'Dl,  MgO 
0'4S,  H]0  3-25  =  99  83.  The  Kiioaiit  of  irDngesquioxldeTaiiesfiomO  toe-33  p.  a;  itmncb 
more  ia  ptesent,  amounting  to  a  sixth  atomicaUy  of  the  protoxide  bases,  the  compoond 
appeals  to  take  the  monoclinia  form  of  cpidat«.  inaKad  of  the  orthorbombio  of  loiaite. 

Pyr.,  ate, — B.B.  swells  up  and  fnses  at  )I-S'5  to  a  nhiCe  blebbj  mass.  Not  demmpoaedby 
acid  ;  when  preTioael;  ignited  gslatinizes  with  hjdrochlorio  aoid. 

Oba. — Occoisat  Saoolpe  in  Caiinthla;  Bairenth  !□  the  Fichtelgebin[e  ;  Sterzin^,  T;to1; 
lAkeOeneva;  Schwarzwald;  Areadal,  et«.  In  the  United  States,  (onnd  in  Vermont,  at 
WiJteboro  and  Montpelier.  lii  Mom.,  at  Ooshtin,  CbesterSeld,  eta.  In  Penn.,  in  Chettei  Oo  ; 
at  UnionTJlle,  white  {UnioniU).     In  Tenn.,  at  tie  Dncktown  copper  mines. 

Jadeitb  is  one  of  the  kinds  of  pale  gima  atonps  us^d  in  China  for  making  omamenti,  and 
passing-  under  the  general  name  of  jade  or  nephrite.  Mi.  Pompellj  remarks  that  the  f^lma 
k  perhaps  the  meet  prited  of  aU  stones  among  the  Chinese.  In  compoaitian  mainlj  a  silicate 
ot  aluminmn  and  sodium.     In  its  high  speciflo  gravity  like  loisite. 

GAiMtLDirTR.— MoQoclinic  (DeeCl.).  Coloi  greeoish-blaok.  Conbuns  Tttrinm,  cerlnm,  and 
ganerally  bee;  Ilium  ;  thongh  the  lost  is  sometimes  absent,  through  alteration  (DesCL). 
ftweden  ;  Qreenland  ;  Norway. 

HoaASDKiTE. — A  silicate  oontaitung  titatunm,  cerimn,  and  calciom.     Brerig,  Norw^r. 

ILVATTB.    Lievrite.     Tonite. 

Orthorhombic.    iA7=112*'  38',  Oa1-1  =  146°  24' ;  c  :  A  :  <J  =  0-e6«08  : 
1-5004  :  1.     (?  A 1  =  141°  24',  0/\2-i=  138°  29'.    Lateral 
faces   usually  striated  longitudinally.     Cleavage :  pamllel 
to  the  longer  diagonal,  indistinct.     Also  columnar  or  com- 
pact massive. 

H.=6-5-6.  Q.=3-7-4-2.  Lustre  submetallic  Color 
iron-black,  or  dark  grayish- black.  Streak  black,  inclining 
to  green  or  brown.     Opaque.     Fracture  nneven.     Brittle. 

Ooiap^-4).  ratio,  for  B-(-R  :  Si :  H=9  :  8  : 1,  and  for  bases,  Inclnding 
trrdrogen,  to  silicon  Q  :  4  (Stadeler).  Slpooi  by  the  analysis  of  entirely 
nnaltered  oiyatals  l(i,=ii)S7)  from  Elba  confirms  the  oonclosiona  of 
iit£deler  in  legatd  to  the  presenoe  of  chemically  combined  watei.  and 
adopts  the  same  fonnnla,  Tii.:-'HiOaiFe.FeSi,0,..  This  Teqoires: 
ailioa  29-ii.  iron  aeaqnioxide  19-SO,  iron  protoxide  33-31,  lime  13-69, 
water  2-20  =  100;  manganese  protoiide  is  also  sometimaa  preaent In  small  qnaatiticiL 
nu'labeig  oonsldeTBd  the  walei  as  due  to  alteratioil. 


<^ 
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Pyr.,  etc.— B.B.  foBes  qnleilj  at  2*5  to  a  Uack  xnagnetio  bead.  With  the  fluxes  leacta  foi 
lioiu    Some  Tarieties  give  also  a  reaotion  for  manganese.     Gelatinizes  with  hydxochloxic  add. 

Obs. — Fonnd  in  Elba,  and  at  the  mine  of  Temperino  in  Tnsoanj.  Also  at  Possum  and  at 
Bkeen  in  Norway ;  in  Siberia ;  near  Andreaab^ig ;  near  Predazzo,  Tyrol ;  at  Schneebeig ;  at 
Hebron  in  Nassau ;  at  Kangerdluarsuk  in  Greei^and. 

Beported  as  formerly  found  at  Cumberland,  B.  I.;  also  at  Milk  Bow  quarry,  Scmerville; 
Mass. 

Ardbzinitb  (Bewalquite). — ^Near  ilvaite  in  form.  Habit  pzismatio ;  TertieaUT  stoated. 
Composition  giyen  by  the  analyses,  Lasaulx  and  Bettendorf,  SiOs  29*60,  MOm  28*50,  MnO 
25*88,  FeO.  1*68,  CaO  1*81,  MgO  8*38,  y,0»  9*20,  ign.  4  04=9909.  Color  dark  rosin-brown. 
In  thin  aplinters  transparent.  Other  varieties,  of  a  bright  sulphur-yellow  oolor  (but  opaque 
and  dull),  contain  arsenic  (9*88  p.  o.  AssO»)  instead  of  vanadium.  Between  these  two  ex* 
tzemes  are  a  series  of  compounds  containing  boti^  arsenic  and  vanadium.  LasanlT  regarda 
the  azsenlo-ardennite  as  having  come  from  the  other  through  alteration.  Locality,  Ottres  ia 
the  Ardennes,  Belgium.    Bosooblitb  (p.  867)  is  another  silicate  containing  vanadium. 


TricliDic.  Crystals  nsnally  broad,  and  acute-edged.  Making  m  =  0, 
P^'I,u  =  l',a  fbrachyd.) :  I  (macrod.) :  c  =  0-49266 : 1 : 0-45112.  Cleav 
age :  i\  (v)  quite  distinct ;  in  other  directions  indistinct.  Also  massive, 
lamellar,  lamella  often  carved  ;  sometimes  granular. 


IS68 
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Dauphiny. 


Danphiny. 


ComwalL 


fi 


H. =6-6-7.  G.=3-271,  Haidinger ;  a  Cornish  specimen.  Lnsti-e  highly 
lassy.  Color  clove-brown,  plum-blue,  and  pearl-gray;  exhibits  trichroidm, 
ifFerent  colors,  as  cinnamon-brown,  violet-blue,  olive-green,  being  seen  in 
different  directions.  Streak  uncolored.  Transparent  to  snbtranslucent 
Fracture  conchoidal.  Brittle.  Pyroelectric,  with  two  axes,  the  analogue  (L) 
and  antilogue  (T)  poles  being  situated  as  indicated  in  f .  558  (G.  Eoee). 


Oompi — Analyses  vary.  If  it  contains  %  p.  c.  water  (Bamm.),  and  if  Bs  replaces  :&LilMi 
It  is  a  unisiUcate  with  the  formula  RTRsSisOaa.  B=Fe,Mh,Ca,Mg,  and  K«,  while  fir=Bt,3y 
(Bt :  Al=:l  :  2).  Analysis  (Bamm.),  Oisans,  Dauphin^,  Sid  48*46,  BgOt  6*61,  iVlOa  16^. 
Feb.  2*80,  FeO  6-78,  MnO  2*62,  OaO  20*19.  MgO  1*78,  K,0  0*11,  H,0  1*45=101 -OS. 

P3rr.,  etc.— B.fi.  fuses  readily  with  intumescence,  imparts  a  piale  green  oolor  to  the  O.F.t 
Md  fuses  at  2  to  a  dark  green  to  black  glass;  with  borax  in  O.F.  gives  an  amethystine  bead 
(manganese),  which  in  B.  F.  becomes  yellow  (iron).    Fused  with  a  mixture  of  potassium  bW* 
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phato  and  flnor  on  the  platinnm  loop  colon  the  flame  green  (boron).  Not  decomposed  by 
adda,  bnt  when  previously  ignited,  gelatinizes  with  hydrochloric  acid. 

OIm. — Azinite  occars  near  Bouig  d^OiBana  in  Danphiny  ;  at  Santa  Maria,  Switzerland;  i|| 
Kongsberg ;  in  Normark  in  Sweden  ■  in  Cornwall ;  in  DeTonsbire,  near  TaviHtock ;  at  Plups- 
bug,  Maine ;  at  Wales,  Maine ;  at  Odd  Spzing,  N.  Y. 

Dahbdbite*— Triclinia  OaBaSi,0.= Silica  48*8,  boron  trioxide  28*5,  lime  227=100. 
Ooooxs  with  feldjcoar  in  imbedded  masses  of  yellow  color  in  dolomite,  at  Danbury,  Ct. 


XOUm.    Gordierite.    Dichroite. 


Orthorhombic    In  stout  prisms  often  hexagonal.    /A  /=  119*^  10'  and 
60^  60',  C?  A  l-«  =150*  49'.    Cleavage :  i4  distinct ;  i-i 
and  O  indistinct.     Crystals  often  transversely  divided  g^j 

or  foliated  pai-allel  with  0.    Twins:  twinning-plane 
I,    Also  massive,  compact. 

H.=7-7-5.  G.=2-56-2-67.  Lustre  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smoky-bhie ;  pleo- 
chroic,  being  often  deep  blue  along  the  vertical  axis, 
and  brownish-yellow  oryello  wish-gray  perpendicular  to 
it.  Streak  uncolored.  Transparent — translucent.  Frac- 
ture subconchoidal. 

Oomp. — Q.  ratio  for  bases  and  silicon  4  :  5  or  1  :  1^.  The  state  of  oxidation  of  the  iron  is 
sfeUl  imasoertained,  and  hence  there  is  uncertainty  as  to  the  proportion  between  the  protoxideg 
and  seflqniozides.  The  ratio  uanally  deduced  for  B  :  fi  :  Si  is  1  :  3  :  5.  The  formula  B«ftiSit 
Oi»,  which  corresponds  to  this  ratio,  =,  if  B=Mg,Fe  and  Mg :  Fe=2  :  1,  Silica  49*4, 
Nomina  330,  magnesia  8'8,  iron  protoidde  7-9=100. 

Pyr^  etc. — B.B.  loses  transparency  and  fuses  at  5^*5.  Only  partially  decomposed  by 
adds.    Decomposed  on  fusion  with  alkaline  carbonates. 

OlMk — ^loUte  occurs  in  granite,  gneiss,  homblendio,  chlorite  and  hydro*mica  schist,  and  allied 
rockSy  with  quartz,  orthoclase  or  albite,  tourmaline,  hornblende,  andaluaite,  and  sometimes 
bezyi  Also  rarely  in  volcanic  rocks.  Occurs  at  Bodenmais,  Bavaria ;  at  Ujordlersoak  in 
Greenland ;  at  Krageroe  in  Norway ;  Tunaberg  in  Sweden ;  Lake  Laaoh.  At  Haddam,  Conn.; 
at  Brimfield,  Mass.;  also  at  Bichmond,  N.  H. 

Alt. — The  alteration  of  iolite  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral 
is  most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  For  the  dis- 
tangniwhing  characters  of  the  different  lands  of  altered  iolite,  see  Pinitb,  Fahluvitb, 
eta,  under  Htdbous  SiLiCATsa 


Mica  Grotip.* 

The  minerals  of  the  Mica  group  are  alike  in  having  (1)  the  prismatic 
angle  120° ;  (2)  etiainently  perfect  basal  cleavage,  affording  readily  very 
thin,  tough  laminsa ;  (3)  potash  almost  invariably  among  the  protoxide 
bases  and  alumina  among  the  sesquioxide ;  (4)  the  crystallization  approxi- 
mately either  hexagonal  or  orthorhombic,  and  therefore  the  optic  axis,  or 
optic-axial  plane,  at  right  angles  (or  nearly  so)  to  the  cleavage  surface. 

Sodium  18  q^Moin^y  present  in  some  micas,  and  is  characteristic  of  the  hydrous  speoiea 
pszagoiiite  (p.  854).  Lithinm,  rubidium,  and  csasium  occur  in  lepidolite,  and  lithium  in  soms 
biotite.  Fluorine  is  often  present,  probably  replacing  oxygen.  Titanium  is  found  sparing^ 
in  several  kinds,  and  is  a  prominent  ingredient  of  one  species,  astrophyUite.  It  is  osoiulj 
tsgatded  as  in  the  state  of  titanium  dioxide  replacing  silica ;  but  it  is  here  made  basio. 


812  DE8CBU'nr£  uiberaloot. 

Tho  apedes  ot  tlia  IDoa  group  gndiute  iato  tbe  hrdrotu  mioaR  of  tbe  MsrgMOditO  gnnp 
(p.  831) ;  and  thnmgh  these  thej  bJao  approach  the  f^ated  apeoiea  of  the  Talo  aod  CUoriU 
liroape,  Mp«oIall7  tlu  lattet. 

FHLOQOPITJB.* 

Orthorbombic.     I A  1=120°,  and  babit  bexagonal,     FriBme  iisnallj 

oblong  Bix-sided  prisms,  more  or  less  tapering,  witb  irre^nlar 

MS  eidee ;   rarely,  wlien   small,  witb   polished   lateral   planes. 

Cleavage  basal,  highly  eminent.     Not  known  in  compact 

massive  forms. 

H.=2'5-3.  G.=2-78-2-85.  Lustre  pearly,  often  8n1> 
metallic,  on  cleavage  surface.  Color  yellowish-brown  to 
brownisli-red,  witb  often  something  of  a  copper-like  reflec- 
tiou ;  also  pale  brownisb-yellow.  green,  white,  colorless. 
Transpai-ent  to  translucent  in  thin  folia.  Thin  lamina 
tongb  and  elastic.    Optical-axial  divergence  S'-SO",  rarely 


Oomp. — Ths  bsBM  inclade  magnedam  and  libtle  or  no  iron.  Q.  latil 
B  :  Si=l  :  1.  FoTmDlapn>bnbl7(Ilanun.)  K,Ug.AJSi,O„=Siliaa40';3. 
alnminB  18-03,  magnesia  82'57,  potash  1377=1(10. 

Pyr,  rtc.— In  the  closed  tube  gitea  a  little  water.  Some  T»iieU«i 
give  the  reaction  for  flnorine  in  the  open  tabe.  while  moet  give  little  oi 
no  reaction  for  iron  with  the  flaxes.  B.  B.  whitens  and  f nsea  on  (he  Uiin 
edges.  Completely  decompoeed  bj  eolphnrio  aoid,  leaving  the  allca  ia 
tbJTi  Bcalea. 
Oba. — Fhl<^Ointe  is  eepeciall;  ohaiaoteiJEtio  of  Mrpentlne  and  eiTitalliiie  IjmeataM  sf 
dolomite. 

Occnis  in  limestone  in  the  Toagea.  Inclndes  probablr  the  mioa  fonod  in  limest(»ie  si  ilt- 
Eemnits,  nearHirsohbe^l  thnt  of  Boiitti.Braiii.  of  a  golden-yellow  coloi,  hanng  theoptical 
angle  6°  SO'  and  parallel  to  the  shorter  diagonal  (Gr^i^j ;  and  a  brawn  mica  from  limettnne 
of  Upper  Hongac?,  affording  Grsilioh  the  angle  4'-6°. 

Occnrs  in  New  York,  at  Oouveinenr ;  at  Pope's  Mills,  St  Lawreuoe  Oo.  ;  atBdwaidi; 
Warwick ;  Natural  Bridge ;  at  Sterling  Mine,  Morris  Oo. ,  N.  J. ;  Newton,  N.  J. ;  at  St.  Je- 
rome, Camuta ;  at  Bargees,  Canada  West. 

AspiDOLrra  (t.  Eobell).— Approaches  in  oompoeitjon  a  loda-phlogopite.  Qreen.  Toliil«d. 
Zillerthal,  Tyrol. 

MAHQABOPKYLLrrB.— Q.  ratio  for  B  :  B  :  8i=8  :  1  :  4  (nearly).  Foliated  like  tite  mio*. 
Odor  bronze-red.  Analyus,  IgelatrSm,  BIO,  88-50,  AlO.  ll-OU,  FeO  3-78,  MaO  S1'40,  CaO 
B-SO,  VgO  IS'Ol,  K,0(Na,0)  5-51,  Ign.  1-60=100.    Paisbets,  Sweden. 

BfOTTTB.* 

Hexagonal  (?).    BAli=  69°  57'  (crystals  fr.  Vesnvius,  Hessenberg) ;  i  = 
4*911126.     I^bitoften  monocliiiiu.    iPrisms  commonly  tabnlar.    Cleavage: 
basal  highly  eminent.     Often  in  disseminated 
scales,  sometimes  in  massive  aggregations  of 
cleavable  scales. 

H.=2-5-3.  G.=2-7-3-l.  Lustre  splendent, 
and  more  or  less  pearly  on  a  cleavage  surface, 
and  aoinetimes  snometallic  when  black;  latenJ 


Colors  nsually  green  to  black,  often  deep  black 
in  thick  crystafi,  and  sometimes  even  in  thin 
laminte,  nnless  the  lamince  are  very  thiu ;  anch 
Lbin  laminse  green,  bluod-rod;  or  brown  b^  transmitted  light ;  rarely  whita 
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Streak  unoolored.  Transparent  to  opaque.  Optically  nniaxial.  Somo- 
times  biaxial  with  slight  axial  divergence,  from  exceptional  irregnlarities. 
but  the  angle  not  exceeding  5®  and  seldom  !**• 

Oomp.,  Var^ — Biotite  is  a  magnesia-iron  mioa,  part  of  the  alominam  (M)  being  replaoei 
bgr  iron  (¥e)y  and  Fe  and  Mg  existing  among  the  protoxide  bases.  Black  is  the  prevailing  oolor, 
but  brown  to  white  also  oocor.  The  results  of  analyses  vaxy  much,  and  for  the  reason  already 
stated — the  non-determination,  in  most  cases,  of  the  degree  of  oxidation  of  the  iron ;  and 
the  exact  atomic  ratio  for  the  species  and  its  limits  of  yariation  are  therefore  not  precisely 
understood.  The  Q.  ratio  of  bitfes  to  silicon  is  generally  1:1,  that  is  the  formula  in  general 
BaSiOi,  where  B=K,(Na<i,Lis)Fe,Mg(Ga),  or  2^1,Fe(8B=il). 

AnaJyaeB :  1,  Ballyellin ;  2,  Vesuvius ;  8,  Portland,  Conn. : 

SiO.    i^lO,  PeO,  FeO  GaO           MgO  K,0  Na,0  Li,0    ign 

(1)  85-55  17-08  23-70  550  3-68  9-45  085     4-80=99-01,  Haughton. 

(2)  40^1  17-79  8-00  703  030          1904  996 =9803,  Chodnew. 

(3)}85-61  20-03  0-18  21-85  l-19MnO    5*23  909  0-52     0  93    187,  FO  76,  TiOa  146, 

Cltr..=99-27,  Hawes. 

The  above  analyses  give  the  ratio  of  unisilicates,  when  the  water  is  neglected ;  in  others 
the  ratio  of  1  :  1  is  obtaxned  only  when  the  water  is  brought  into  account. 

P3rr«|  eto. — Same  as  phlogopite,  but  with  the  fluxes  it  gives  strong  reactions  for  iron. 

Oba. — A  common  constituent  or  many  volcanic  rocks.  Fine  specimens  obtained  at  Vesu- 
vius; L.  Baikal;  Zlllerthal;  Pargas ;  Miask;  Sala.  Also  from  Greenwood  Furnace,  N,  Y.j 
Moriah,  N.  Y. ;  Easton,  Penn. ;  Topsham,  Me.,  etc 

The  biotite  of  Vesuvius,  according  to  the  optical  examination  of  Hintse,  is  monoeUnk. 
(See  also  Tsdhermak,  Min.  Mitth.,  1876, 187.) 


Hexagonal  (?).  In  small  six-sided  tables,  or  an  aggregate  of  minute  scales. 
Cleavage :  basal,  eminent,  as  in  other  micas. 

H.=3.  G.=3*0.  Lustre  adamantine,  inclining  to  vitreous,  pearly. 
Color  black,  with  occasionally  a  leek-green  reflection.  Streak  grajisn- 
ffreen.  Opaque,  or  translucent  in  very  thin  laminae.  Somewhat  brittle,  or 
bat  little  elastic.  Optically  uniaxial ;  or  biaxial  with  a  very  small  axia] 
angle. 

Oomp. — ^An  iron-potash  mica.  Q.  ratio  for  bases  and  silicon  1:1;  f  or  B  :  R,  mostly  1 :  8, 
bat  varying  to  1  to  more  than  8 ;  of  doubtful  limits,  on  account  of  the  doubts  as  to  the  stats 
of  the  iron  in  most  of  the  analyses.  Differs  from  biotite  in  the  smaller  proportion  of  prot- 
oxides and  Uttle  Al  and  Mg,  but  appears  to  agree  with  ib.in  optical  characters. 

Pyr.  eto. — B.B.  at  a  red  heat  becomes  brown  and  fuses  to  a  black  magnetic  globule. 
Easily  decomposed  by  hydrochloric  acid,  depositing  silica  in  scales.  AnalysiB,  Oooke,  Book- 
port,  Mass.,  SiO.  80-91,  atiO.  1678,  FeO,  12  07,  FeO  17*48,  MnO  0*54,  MgO  0-62,  K^O  10*66, 
Ka,O(Li,0)  0*59,  H,0  150,  F  0-45=100. 

Obs. — Occurs  at  Persberg  in  Wermland,  Sweden ;  at  Abborf oras  in  Finland ;  in  Ireland,  la 
Donegal  and  Iieinster  Oos. :  at  BallyelUn,  eto.     From  Cape  Ann,  Mass.  (AnmU). 

AflTTROPHTLLiTB. — Usually  in  tabular  prisms.  Oolor  bronse*yellow.  Analysis,  Pisani,  StOt 
88*22,  TIO.  7*66,  itiO,  4*82,  FeO.  4*03,  FeO  25*48,  MnO  1070,  MgO  187,  OaO  1*22,  NaiO 
4*71,  KtO  6-29,  HaO  2  01=98*03.    Brevig,  Norway ;  Bl  Paso  County,  Colorado. 


BCnSOOVXTB.    Kaliglimmer,  Oemu* 

Motioclinic  (Tschermak).  /A/=sl20^  Cleavage:  basal  eminent, 
occasionally  a^so  separating  in  fibi*e8  parallel  to  a  diagonal.  Twins :  often 
observable  oy  intenial  markings^  or  by  polarised  light ;  oomposition  parallel 
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to  1  consisting  of  six  individuals  thns  nnited ;  sometimes  a  union  of  /  <f 
i-i.  Folia  often  aggregated  in  stellate,  plumose,  or  globular  forms ;  or  it 
scales,  and  scaly  massive. 


864 


666 


Hia8k,nraL 


Binnenthal. 


H.=2-2'5.  Q.=2-75-8*l.  Lustre  more  or  less  pearly.  Color  white, 
gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow,  dark  olive-greea, 
rarely  rose-red ;  often  different  for  transmitted  and  reflected  light,  and  dif 
Cerent  also  in  vertical  and  transverse  directions.  Streak  uncolored.  Trans- 
parent to  ti-anslucent.  Thin  laminae  flexible  and  elastic,  veiy  tough.  Double 
refraction  strong ;  optic-axial  angle  44^-78° ;  the  axial  plane  makes  an  angle 
of  88''  20'  (Tschermak)  with  tlie  base. 

Oomp. — ^The  qnaiitivalent  zatio  for  bases  and  siUoon  is  generally  4 : 6  (1 ;  1^),  rarely  8  ;  i, 
•fax  Water  is  generally  present,  sometimes  as  much  as  5  p.  c;  and  the  Idnds  containing 
from  8  to  5  p.  a  water  have  been  referred  to  the  species  marg<Mrodite  (p.  853X     If  the 

I 
waler  is  regarded  as  chemically  combined,  that  is,  as  basic,  the  Q.  ratio  f  or  E :  B  :  Si  is  then 

=1 : 8  : 4  (K :  Si=l  :  1),  also  1 :  6  :  8,  1 :  2  : 4,  1  : 8  :  6,  etc.  B  here  is  potasslnm  (K) 
mostly,  bat  also  hydrogen  (H).  B=alaminQm  mostly,  also  iron.  Fluorine  is  often  present, 
but  at  most  not  more  than  about  1  p.  c.  Analysis,  Smith  and  Brush,  Monroe,  Ct.,  SiOs  46*50, 
AID, 83-91.  FeO,  2-69,  MgO 0-90  Na,0 2*70,  K,0  7-32,  H,0  463,  P  0*82,  CI  0-31=99-78. 

Pyr^  etc — In  the  closed  tube  gives  water,  which  with  brazil-wood  often  reacts  for  fluorins. 
B.B.  whitens  and  fusee  on  the  thin  edges  (F.  =5*7,  v.  Kobell)  to  a  gray  or  yellow  glass.  With 
fluxes  gives  reactions  for  iron  and  sometimes  manganese,  rarely  c£K>mium.  Not  decomposed 
\tj  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — ^Muscovite  is  the  most  common  of  the  micasw  It  is  one  of  the  constituents  of  granite, 
gneiss,  mica  schist,  and  other  related  rocks,  and  is  occasionally  met  with  in  granular  lime- 
stone, trachyte,  basalt,  lava;  and  occurs  also  disiieminated  sparingly  in  many  fragmental 
rocks.  Ck>arse  lamellar  aggregations  often  form  the  matrix  of  topas,  tourmaline,  and  other 
mineral  species  in  granitic  veiiu. 

Siberia  affords  lamin»  of  mica  sometimes  exceeding  a  yard  in  diameter :  and  other  rematk- 
able  foreign  looEilities  are  Finbo  in  Sweden,  and  Skutterud  in  Norway.  FuehtUe  or  ehromium 
miea  occurs  at  Greiner  in  the  Zillerthal,  at  Passeyr  in  the  Tyrol,  and  on  the  Dorfner  Alp,  as 
wall  as  at  Schwarzenstein. 

In  y.  Hamp,y  at  Acworth,  Grafton,  etc.,  in  granite,  the  plates  at  times  a  yard  acroeB  and 
perfectly  transparent.  In  Maine,  at  Paris ;  at  Buckfield.  In  Masa. ,  at  Chesterfield  j  at  Goshen. 
in  Ckmn,,  in  Portland ;  near  Middletown.  In  If.  York^  near  Warwick;  Bdenville ;  in  ths 
feown  of  Edwards.  In  Penn»^  at  Pennsbury ;  at  Unionville ;  Delaware  Co.,  at  Uiddletovn. 
In  Mariflandy  at  Jones's  Falls.    In  western  North  Carolina,  where  it  is  mined. 


XaBPIDOLITIL*  Lithia  Mica.    Lithionglimmer,  O^rm. 

Orthorhombic.    /A  7  =  120**.    Forms  like  those  of  muscovite,    deav* 
ige :  basal,  highly  eminent.    Also  massive  scaly-granular,  coarse  oi  iiiie. 
H.=s2*5--4.    O. =2*84-3.    Lustre  pearly,    dolor  rose-red,  violet-gray,  or 
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lilac,  yellowish,  gravish-white,  white.     Translucent.      Optic-axial  angle 
T0*'-78^;  sometimes  45*^-60^ 


Oomp. — Q.  ratio  for  bases  and  sQiooa  mostly  1 :  li ;  and  for  B :  B  :  Bi:=l  :  8  :  0,  or  1 :  4 

I  I 

:  % ;  the  formula  in  the  latter  ease  is  R»^4Sii«0a».  B  indndes  potaasinm,  also  Uthiuzn, 
ml^diam,  and  caesiam ;  and,  in  the  Zinnwald  mica,  thalliom  has  been  detected.  Flaorine  is 
present,  and  the  ratio  to  oxygen  mostly  1  :  12.  Analysis,  Renter,  from  Bozena,  SiOa  50 '43, 
^Os  ;»-07,  MnO,  0-88,  MgO  1*42,  K,0  10-69,  Na,0  146,  Li,0  1-28,  F  4'86=08-94. 

Pyr-i  etc. — In  the  dosed  tnbe  gives  water  and  reaction  for  flaorine.  B.B.  fuses  with  in- 
lomeeeence  at  2-2-5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
piirplish>red  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  yarieties  give  reactions 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  adds.  After  fusion, 
gdatinlses  with  hydrochloric  add. 

Obs. — Occurs  in  granite  and  gneiss.  espedaUy  in  granitic  veins,  and  is  assodated  some- 
times with  casdterite,  red,  green,  or  black  tourmaline,  amUygonite,  etc.  Found  near  UtS 
in  Sweden ;  at  2Snnwald  in  Bohemia ;  Penig,  etc.  in  Saxony ;  in  the  Ural ;  at  Bozena  in 
Moravia ;  on  Elba ;  at  St.  Miohaers  Mount  in  Cornwall.  In  the  United  States,  at  Paris  and 
Hebron,  Me. ;  near  Middletown,  Conn. 

Named  lepidolite  from  AeTric,  »eaU,  after  the  earlier  Qerman  name  Sehuppensteirif  alluding 
to  the  scaly  structure  of  the  massive  variety  of  Bozenfti 

CBTOFnTLLiTB  (Cooko) — Q.  ratio  B  :  ft :  Si=8  :  4  1 14,  with  B=Fe,Ki,Li9(Na,Bb,0B,)i 
and  S=^     Orthorhombio.     In  scales  like  the  micas.    Color  by  t^ransmitted  light  emerald 
green.    Cape  Ann,  Mass. 


Soapolite   Orcmp. 

In  the  species  of  the  Scapolito  group,  the  quantivalent  ratio  varies  from 
1 : 1 :  2,  1 :  2  :  3,  1 :  3  :  4,  to  1 :  2  :  4  and  1 :  2  :  6^,  but  the  species  are 
closely  alike  in  the  sqnare-prismatic  forms  of  their  crystals,  in  the  small 
nnmber  and  the  kinds  of  occurring  planes,  and  in  their  angles.  The  species 
are  white,  or  grayish- white,  in  color,  except  when  impui*e,  and  then  rarely 
of  dark  color ;  the  hardness  5-6 -6.  Gr.=2-6-2-8.  The  alkali-metal  present, 
when  any,  is  sodium,  with  only  traces  of  potassium.  An  increase  in  the 
amount  of  alkali  is  accompanied  by  an  increase  in  the  silica. 


MBZONITB.* 


Tetragonal :  O  A  1-t  =  156^  18' ;  c  =  0-439.  Sometimes 
the  planes  3-3,  the  alternate  being  wanting.  Cleavage :  i-i 
and  /  rather  perfect,  but  often  interrupted. 

H.=6-5-6.  G.=2*6-2*74.  Lustre  vitreous.  Colorless 
to  white.  Ti-ansparent  to  translucent ;  often  much  cracked 
within. 


Ooinp.~Q.  ratio  for  B  :  B :  81=1 :  9  :  8 ;  formula  B«B4Si»0a«.  If  B= 
Oa  :  Nat =10  : 1«  and B=iyi:  this  is  equivalent  to  Silica  41*6,  alumina 
81'7,  lime  24  1,  soda  2'6=100.  Neminar  has  found  that  meionite  loses 
1  p.  a  water  at  a  very  high  temperature,  so  that  B  must  be  also  replaced 
by  H« ;  his  analysis  gives  approximately  the  ratio  1:2:8. 

Pyr«,  etc — B.B.  fuses  witii  intumescence  at  8  to  a  white  blebl^  glass. 
Deoompoeed  by  add  without  gelatinising  (v.  Bath). 

Obs. — OccnzB  in  amail  oiyatals  in  geodea,  nsoaUjr  in  limestone  Uodcs,  on  Monte  SomiAa, 
Naples. 
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WJhlUNBRim,*  Soapolite. 

Tetragonal :    O  A  1-t  =  156*^  14^' ;   c  =  0-4398.      Often  hemihedTai  in 

planes  3-3  and  t-2  (p.  30).  Cleavage:  i-t  and  /ratbei 
distinct,  but  interrupted.  Also  massive,  granular,  or 
with  a  faint  fibrous  appearance ;  sometimes  columnar, 
H.=5-6.  G.=2-63-2'8.  Lustre  vitreous  to  pearly 
externally,  inclining  to  resinous ;  cleavage  and  cross- 
fracture  surface  vitreous.     Color  white,  gi'ay,  bluiah, 

freonish,  and  reddish,  usually  light.    Streak  uncolored. 
'ransparent — ^faintly  subtranslucent.      Fracture  6ub- 
conchoidal.    Brittle. 

Oomp.-.Q.  ratio  for  B  :  B :  Si=l  :  8 :  4  (R+R  :  Si=l :  1); 
formula  BRSi,0»srCa(Na,)iVlSi30».  Analyflda,  y.  Bath,  Paigas,  SiO.  45*46,  -ttlO^  80*96,  CaO 
17-82,  Na,0  2-29,  K,0  1-81,  H,0  1*20=98-58.  8ome  yarieties  vazy  widely  from  the  aboT« 
ratio. 

P3rr.,  eto.— B.B.  fnaes  easUy  with  intameacenoe  to  a  white  blehby  glasa.  Imperfectly  de* 
oompoeed  by  hydroohlorio  add. 

piflL — Beoognued  by  its  square  form ;  resembles  feldspar  when  masaye,  bat  has  a  chanuy 
teristic  fibrous  appearance  on  the  cleavage  surface ;  it  is  also  more  fusible,  and  has  a  highei 
specific  gravity. 

Obs. — Occurs  in  metamorphic  rocks ;  sometimes  in  beds  of  magnetite  accompanying  lima- 
stone.  Some  looallties  are :  Arendal,  Norway ;  Wermland ;  Pargas,  Finland ;  L.  Baikal,  eto. 
In  the  following  those  of  the  weznerite  and  ekebergite  are  not  yet  distingmshed.  In  MaU'y 
at  Bdton;  Westfield.  In  Conn.<t  at  Monroe.  In  N,  York,  in  Warwick;  in  Orange  and 
Bflsez  Co.,  eto.  In  If,  Jersey,  at  Franklin  and  Newton.  In  Canada,  at  G.  Calumet  Id.; 
at  Hunterstown ;  Granville. 

The  following  axe  otiier  members  of  the  soapolite  group  : 

SABCOLFrB.— Q.  ratio  for  B :  B  :  Bi=l  :  1 :  2.  In  minute  flesh-red  oiystala  at  Mi 
Somma. 

PARANTsrrB.—Q.  ratio=l :  8  :  4.  BKEBSBorrB.  Q.  ratio=l  :  2  :  4i,  containing  6-8  p. 
o.  soda.  MizzoNiTB.  Q.  ratio=l  :  2  :  5^,  containing  10  p.  a  soda.  In  crystals  at  Mtw  Somma. 
DiPTBB.  Q.  ratlo=l  :  2  :  6,  and  for  Ca  :  Naa=l :  1.  Marialitb.  Q.  ratiosl :  2 : 6,  aB4 
for  Ca  :  Na,=l :  2. 


Hexagonal.     OAl 
569 


JVephelite   Oroup. 

NBPHBUTB.    KepheUnau 

:  ISS''  55' ;  h^  0*889.  XJBual  forms  six-sided  ami 
twelve-sided  prisms  with  plane  or  modified  sarn* 
raits.  Fig.  569,  summit  planes  of  a  crystal.  Cleav- 
age: /distinct,  0  imperfect.  Also  massive,  com- 
pact ;  also  thin  columnar. 

H.=5-5-6.  G.=2.5-2-65.  Lustre  vitrecina— 
greasy ;  a  little  opalescent  in  some  varieties.  Coior- 
less,  white,  or  yellowish  ;  also  when  massive,  dark- 
gi'eeu,  greenisli  or  bluish-gray,  brownish  and  brick- 
red.  Transparent— opaque.  Fracture  subcjpn- 
choidal.    Double  refraction  feeble ;  axis  negative. 

Var.— 1.  QUuey,  or  SommUe.    Usaally  in  amall  aystato  « 
grains,  with  Titreons  lustre,  flrst  foond  on  Mt.  Somma,  in  the 
region  of  YesuTinii.     Davyrw  and  MrooiMte   bekng  hsm. 
I,  WUtoUte,    In  laxge  ooarse  oiyatala,  or  massive,  with  a  greaqr  Inilre. 
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OoBpL^^mnwhat  nnoertain,  as  all  aaxalyaes  give  a  little  excess  of  silioa  beyond  what  ii 
leqiuzed  for  a  nniidlioate.    Assaming  that  nephelite  is  a  true  uniailicate,  the  Q.  ratio  foi 

B  :  B  :  Si=l  s  8  :  4,  and  the  formnla  is  (Na,K)3AlSiaOH  (Bamm.);  some  of  the  Ka^  being 
replaced  by  Ga.  Analysis,  Soheerer,  VesuTins,  SiO^  44*03,  AlOt  83*28,  PeO.  (MnO.)  0*66, 
OaO  1-77,  Na«0  15*44,  KtO  4*94,  H,0  0-2l=100*32.  The  variety  BlaoUte  has  the  same 
composition. 

Pyr.,  etc. — B.B.  fuses  quietly  at  8*6  to  a  colorless  glass.     Gelatinizes  with  adds. 

Jm. — Distinguished  by  its  gelatinising  with  adds  from  soapolite  and  f ddspar,  as  also  from 
apatite,  from  which  it  dikers  too  in  its  greater  hardness.  Massive  Taxieties  have  a  character' 
Lstic  greasy  lustre. 

Ohk. — Nephelite  occurs  both  In  andent  and  modem  volcanic  rocks,  and  also  metamorphic 
rocks  allied  to  granite  and  gneiss,  the  former  mostly  in  glasay  ciystals  or  grains  (aammite),  the 
latter  massive  or  in  stoat  crystals  (eUBolite).  Nephelite  occurs  in  ocystals  in  the  older  lavas  of 
Bomma ;  at  Capo  di  Bove,  near  Bome ;  in  doleiyte  of  Katsenbuokel,  near  Heidelberg,  etc. 
Elssolite  is  found  in  Norway ;  in  the  Ilmen  Mts. ;  Urals ;  at  Litchfield,  Me. ;  in  the  OztuJi 
MtflL,  Arfrawsftfi 

Named  iMjpMmd  by  Hatiy  (1801),  from  ve^e^i^,  a  cUntd,  in  allusion  to  its  becoming  clondy  when 
immersed  in  strong  add ;  doBolUte  (by  Klaproth),  from  iAotoi/,  oU^  in  allusion  to  its  greasy  lustre. 

GisaECKiTE  is  &own  by  Blum  to  be  a  pseudomorph  after  this  spedes  (see  p.  330). 

CAMCRiiTiTE.'^Hezagonal,  and  in  six-  and  twelve-sided  prisms,  sometimes  with  basal  edges 
replaced;  also  thin  columnar  and  massiva  H.=5-6.  G.  =2*40-2*5.  Odor  white,  gray, 
ydlow,  green,  blue,  reddish ;  streak  unoolored.  Lustre  sabvitreous,  or  a  little  pearly  oi 
greasy.     Transparent  to  translucent. 

CoMP. — Same  as  for  nephdite.  with  some  BGO*  and  water.  Analysis,  Whitney,  Litdifidd, 
Me.,  SiOa  87*48,  AlO.  27*70,  OaO  8*91,  Na,0  20*98,  K,0  0*67,  COa  5-96.  H^O  2*88,  FeO. 
(MnO,)  0-86=100*31. 

Ptb.,  bto. — In  the  dosed  tube  gives  water.  B.B.  loses  cdor,  and  fuses  (F.=2)  with  intu- 
mescence to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  frem 
nephelite.    Effervesces  with  hydrochloric  add.  and  forms  a  jelly  on  heating,  but  not  before. 

Obs. — Found  at  Miask  in  the  Urals;  at  Barkevig,  Norway;  at  Ditro  in  Transylvania 
{dUroyU)  \  at  Litchfidd,  Me. 


SODAIiira. 

Isometric.  In  dodecahedronB.  Cleavage:  dodecahedral,  more  or  1c«b 
distinct.    Twine :  see  f .  272,  p.  93.    Also  massive. 

H.=5'5-6.  G.=2'136-2'401.  Lustre  vitreous,  sometimes  inclining  to 
greasy.  Color  gray,  greenish,  yellowish,  white ;  sometimes  blue,  lavender- 
blue,  light  red.  ISubtransparent — translucent.  Streak  unoolored.  Frac- 
ture conchoidal — mieven. 

Oomp.--8Na,iySi,Os+2Na01=Silica871,  alnminaSlTl,  8oda26*55,  chlorine  7  81 =101 '65 
Some  varieties  contain  considerably  less  chlorine. 

Pyr.,  etc. — In  the  dosed  tube  the  blue  varieties  become  white  and  opaque.  B.B.  frises 
frith  intomescence,  at  8*5-4,  to  a  colorless  glass.  Decomposed  by  hydrochloric  add,  with 
separation  of  gelatinous  silica. 

Oba. — Occurs  in  mica  slate,  granite,  syenite,  trap,  basalt,  and  volcanic  rocks,  and  is  often 
associated  with  nephelite  (or  daoolite)  and  eudialyte.  Found  in  West  G-reenland ;  on  Monte 
Somma;  in  Sicily;  at  Miask,  in  the  Ural;  near  Bre>ig,  Norway.  A  blue  variety  occiuii 
at  Litchfield,  Me.,  and  at  Salem,  Mass. 

MicnoaoMMiTB. — Occurs  in  very  minnte  hexagonal  ciystals  in  masses  of  leadtic  lava 
ejected  from  Mt.  Somma.  Oomposition :  a  unisUicate  of  potasdum,  caldum,  and  aluminnm, 
vith  small  quantities  of  sodium  chloride  and  caldum  sulphate^ 
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HAt^YNITB. 

iBoraetric.  In  dodecahedrons,  octahedrons,  etc  Cleavage:  dodecabe- 
dral  distinct.  C!ommonl7  in  roanded  grains  often  looking  like  crjstala 
with  a  fused  sarfac*«. 

H.=5'6-6.  G.=2'4:-2'5.  Lnstre  vitreous,  to  somewhat  greasy.  Coloi 
bright  blue,  sky-bine,  greenish-blue ;  asparagus-green.  Sti'oak  slightly 
bluish  to  colorless.  Subtransparent  to  translucent.  Fracture  flat  conchoi- 
dal  to  uneven. 

Oomp,-43Nas(Ca)3klSii08-HCaS04 ;  if  in  the  aiUoate  Ka«  is  zeplaoed  l^  Oa.  ihe  fttomio 
latio  hexe  being  5  : 1,  ihiB  ghrea  Sflioa  84*18,  alumina  20'18,  lime  10*62,  aoda  14*69,  Bulphni 
ttiozide  11'88,=100.   A  little  potassium  is  also  often  present. 

Pyr.,  etc.— In  the  closed  tube  retains  its  color.  B.B.  in  the  forceps  fuses  at  4*5  to  a  wMte 
^aes.  Fused  with  soda  on  charcoal  affords  a  sulphide,  which  blackens  sUver.  Decompoied 
l^  hydrochloric  add  with  separation  of  gelatinous  silica. 

Obs. — Occurs  in  the  Vesuvian  lavas,  on  Somma;  in  the  lavas  of  the  Oampagna,  Rome;  in 
basalt  at  Niedermendig  and  Mayen,  L.  Laach,  etc. 

NosiTB  (Nosean). — A  «ei»cfa*haiiynite ;  2Na9^1Sia08  +  NajS04,  with  also  a  little  calcinm. 
Isometric ;  often  granular  massive.  Common  as  a  microscopic  ingredient  of  most  phondytea 
Lake  Laach,  etc. 

Lafib-lazuli  (Lasurstein,  Oerm,). — Not  a  homogeneous  mineral  according  to  Fischer  and 
Vogelsang.  The  latter  caUs  it  *'  a  mixture  of  gran^ar  calcite,  ekebergite,  and  an  isometne, 
ulteamarine  mineral,  generally  Uue  or  violet,"    Much  used  as  an  ornamental  stone. 


LBUOITE.* 

Tetragonal,  according  to  v.  Eath.    c  =  0*52637.     Usual  form  as  in 

f .  570,  closely  resembling  a  trapezohedron.  Twins : 
twinning-plane  2-i ;  crystals  often  very  complex,  otm- 
sisting  of  twinned  lamellsB,  as  indicated  by  the  stri** 
tions  on  the  planes.  Often  disseminated  ingrains; 
rarely  massive  granular. 

H.=5-5-6.  &.=2-44-2-56.  Lustre  vitreous.  Color 
white,  ash-gray  or  smoke-gray.  Streak  nucolored. 
Translucent — opaque.  Fracture  conchoidal.  Brittle. 
Optically  uniaxial ;  donble  refraction  weak,  negative 
(from  Aqnacetosa),  positive  (from  Frascati), 

Comp. — ^Formula  K4AlSi40is=Silioa  55*0,  alumina  28*5,  potash 
21*5=100.      Q.  ratio  f or  K  :  sti  :  Si=l  :  8  :  8,  for  bases  to  sUioon  1  :  2. 

Pyr.,  etc. — B.B.  infusible ;  with  cobalt  solution  gives  a  blue  color  (alumina).  Deoomposed 
by  hydrochloric  acid  without  gelatinization. 

IMff. — Distinguished  from  analdte  by  its  infusibility  and  grater  hardness. 

Obs. — Leucite  is  confined  to  volcanic  rocks,  and  is  common  in  those  of  certain  pazts  of 
Europe  ;  also  found  in  those  of  the  western  United  States.  At  Vesuvius  and  some  othei 
parts  of  Italy  it  is  t)  ickly  disseminated  through  the  lava  in  grains.  It  is  a  constituent  in.  the 
nephelin-doleiyte  of  Merches  in  the  Vogelsberg ;  abundant  in  trachyte  between  Lake  Laach 
and  Andemach,  on  the  Rhine. 

The  question  as  to  whether  the  cxystals  of  leucite  belong  to  the  isometric  or  the  tetragonal 
^fstem  has  excited  much  discussion.  Hirschwald  (Tsch.  Min  Mitth.,  1875,  227)  shows  thai 
whQe  implanted  crystals  are  sometimes  distinctly  tetragonal,  others,  especially  those  whicb 
•re  imbedded,  are  as  clearly  isametrie,  while  between  the  two  there  exist  many  tranaitioi 
ease&  He  claims  that  the  mineral  is  in  fact  i&ametrie,  but  having  a  poly^ymmetric  develop 
ment,  there  existing  a  wide  vaziadoa  from  the  isometrio  tjpe.  The  qnoaticMi  cannot  be  oot 
■idered  us  entirely  deoided* 
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Feldspar  Chrowp* 

The  feldspars  are  characterized  bj  specific  gravity  below  2*85  ;  Larducsi 
6  to  7 ,  fusibility  3  to  6  ;  oblique  or  clinoliedral  crystallization  ;  prismatic 
an^le  near  120^  ;  two  easy  cleavages,  one  basal,  the  otlier  brachydiagonalj 
inclined  together  either  90°,  or  vei-y  near  90° ;  cleavage  a  pi-ominent  fea- 
ture of  many  massive  kinds,  and  distinct  in  the  grains  ox  granular  varieties, 
m\ing  them  angular  forms ;  close  isomorphism,  and  a  general  resemblance 
m  the  systems  of  occurring  crystalline  forms ;  transition  from  granular 
varieties  to  compact,  hornstone-like  kinds,  called  felsites,  which  sometimes 
occur  as  rocks ;  often  opalescent,  or  having  a  play  of  colora  as  seen  in  a 
direction  a  little  oblique  to  %-% ;  often  aventurine,  from  the  dissemination 
of  microscopic  crystals  of  foreign  substances  parallel  for  the  most  part  to 
the  ulanes  U  and  /• . 

The  bases  in  the  protoxide  state  are  calcium,  sodium,  potassium,  and  in 
one  species  barium ;  the  sesquioxide  base  is  only  aluminum ;  the  quantivalent 
ratio  of  K  :  B  is  constant,  1:3;  while  that  of  the  silicon  and  bases  varies 
from  1 : 1  to  3  :  1,  the  amount  of  silicon  increasing  witli  the  increase  of  the 
alkali  metals,  and  becoming  greatest  when  alkalies  ai*e  the  only  protoxides. 

The  included  species  are  as  follows : 

Oiystallizatioii.    Approz.  Q.  ratio  B,B,SL 


Akobtuitb 

Lime  feldspar 

Triolinio 

1:3:4 

liABRADO&rrfi 

Lime-soda  feldspar 

u 

1:3:6 

Htalophanb 

Baryta-potash  feldspar 

Honodinio 

1:3:8 

AnDsarTB 

Boda-lime  feldspar 

Triolinio 

1:3:8 

Oliooglasb 

t(      i(        (( 

%\ 

1:8:9 

Albttb 

Soda  feldspar 

«4 

1 :  3  :  12 

Obthoculbb 

Potash  feldspar 

Monoclinio 

1:8:12 

To  the  above  list  should  be  added,  acoording  to  DesGloiseaax,  the  Mdinic^  potash  feldspar, 
MIOBOCLINB,  which  has  the  composition  of  orthodase. 

The  aboTe  ratios  are  only  approximate,  for  the  analyses  show  a  wide  yariation  in  the 
amount  of  silicon,  and  an  exactly  proportionate  variation  in  the  amount  of  alkali ;  the  two 
elements  vary  in  most  cases,  as  has  been  long  recognized,  according  to  a  simple  law.  There 
seems  hence  to  be  a  gradnal  transition  between  the  saocessive  species  ;  but  this  is  duo,  in  part, 
to  mixtures  produced  by  contemporaneous  oiystalUzation  (compare  pert/ute^  p  326,  and  the 
description  of  miorodins,  p.  826). 

The  unisilicate  ratio  of  1  : 1  for  bases  and  silicon  is  found  in  anorthite  only,  as  shown  above. 
With  Ca  alone,  as  in  this  species,  the  Q.  ratio  for  ::^1  and  Si  is  3  :  4 ;  with  Na«  alone,  3  :  12 ; 
and  for  kinds  containing  combinations  of  the  two,  exact  combinations  of  these  ratios,  mNaa  : 

r%'       --r       XI.         i.    o      4in-hl2» 

nOa,  giving  the  ratio  8  : • 

An  explanation  of  the  above  fact,  and  of  the  variation  in  ratio  shown  by  analyses,  was  offered 
by  liiint,  and  has  sinoe  been  developed  by  Tschermak.  The  existence  of  two  distinct  tridinio 
feldqian  is  assumed:  anorthite  CaMSiaOs,  and  albite  NaaMSicde,  and  the  other  species 
(sometimes  embraced  under  the  general  term  plaqioclasb)  are  regarded  as  due  to  ikwior- 
pkou9  mixtures  of  these  two  members  is  different  proportions.     They  have  thin  the  general 

formula  ]  ^^  ^|j'oi".)*   ^da*>»^c^*e  *^e  ratio  of  to  :» is  mostly  8  :  2,  also  8  : 1,  etc.; 

for  andesite  the  ratio  of  m  :  n  varies  about  1  :  2,  andfor  oligodase  the  ratio  of  m  :  n  is  3  :  10, 
also  1  :  8,  eta  In  accordance  with  the  above  formula,  if  Ga  :  Na=6  :  1,  thee  -W  :  Si=: 
1  :  8-808;  for  Ca  :  Na=3  :  1,  Al :  Si=l  :  1-257;  for  Oa  :  Na=l  :  1,  aU  :  Si=l  :  3-33  ;  foi 
G^  :  Na=l  :  3,  Al :  Si=:l  :  44 ;  for  Ca  :  Na=i  :  6,  Al :  Sl=l  :  6. 

This  method  of  viewing  the  feldspar  species  has  the  advantage  of  explaining  the  wide  varia- 
tion in  their  composition,  and  is  generally  accepted  among  German  mineralogists.  DesCloi- 
aeaux  regards  his  observations  upon  the  optical  characters  of  the  feldspars  (see  p.  298)  ai 
ihowing  that  thoy  are  in  fact  distinct  species,  and  not  indeterminate  isomorphona  mixtuRNL 
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DBSOBIPnyB  MIKBEALOOT. 


Optical  properties  of  the  PridUme  fddapars, — The  following  table  oontains  the  mme  import' 
ftnt  optical  properties  of  the  feldspar  species  as  determined  by  DesCloiieaoz  (0.  R.,  Feb.  fll 
1875,  and  April  17,  1876).    Bx^Bisectriz. 


AVOBTBISB. 

TiABKAnOBOTt. 

Albzxx. 

KlGBOOLiai. 

Acate  bisectrix 

always  — 
Position     of 

always  + 

generally    — 
sometimes  + 

always  + 

always  — 

Angle  made  by  the+Bx. 

the  Bx.  has 

with  a  nomud  to  i-i  (^) 

no    simple 

80^40' 

18»  10' 

16* 

15*26' 

Same,  with  normal  to 

relation  to 

0{p) 

the   planes 

56" 

68° 

78*' 85' 

Angle  made  by  the  line 

observed 

in  which  the  plane  of 

on  the  crys- 

Line parallel 

the  optic-axes  catai-l» 

tals. 

to  the  edge 

with  edge  f.|/0(^7pl 
Same,  with  edge  »-i  I 

27°-28=* 

0\i-i. 

^« 

s-c* 

ig'm) 

37'25'-36^25' 

C(                   « 

96^  28' (front) 

Ordinary  dispersion. . . . 

^  iMUnJt 

p  >c(+Bx.) 

p  <  «(+Bx.) 

p  <  t(-4-Bx,) 

P  <  iK+Bx.) 

Parallel  or  perpendioolar 

Grossed;  also 

Crossed;  also 

'Inclined  ; 

Horkonttd 

slight  ivr- 

slight  m* 

probably  also 

(-Bx.)    also 

tion. 

SinetL 

cUned. 

slight  Aori- 
eontoL 

indined 
(+Bx.) 

Optic-axial  angle  (in  air) 

for  red  raySi 

84^58' 

88M6' 

89^85' 

80*89' 

870  54' 

for  blue  rays. . . . , 

85''  69' 

87**  48' 

88''  81' 

81*  59' 

(Somma) 

(Labrador) 

(Sunstone, 
Tvedestrand) 

(Boo  tonm^) 

Amazonst'ne, 
Morsinsk. 

The  axial  diTeigence  is  qoite  constant  for  albite,  labradorite,  and  anorthite,  bat  varies  for 
oligoclase  even  in  different  sections  taken  from  the  same  specimen.  Andesine  (q.  v.)  is 
regarded  by  DesOloizeanx  as  an  altered  oligoclase. 

DesGloiaeaox  gives  the  following  method  of  distinguishing  between  the  fddspars  by  optica] 
means:  It  is  necessary  to  obtain  a  transparent  plate  parallel  to  the  easiest  cleavage  (0). 
Such  sections  obtained  from  crystals  or  lamellar  masses  of  albite,  oligoclase,  labradorite,  and 
the  majority  of  those  of  microcline,  show  hemitropic  bands,  more  or  lens  dose  together, 
arranged  along  the  plane  parallel  to  the  second  cleavage  (s-i) ;  for  orthoclase  and  microlins 
in  simpie  erystaJLs^  two  sections  placed  in  opposite  positions  serve  to  produce  the  same  effect. 
These  sections  are  thus  brought  between  the  crossed  Nicols  of  a  polarisation-microscope. 

(1)  For  orthoclase  the  maximum  extinction  takes  place  when  the  two  sections  are  piaraDel 
to  their  plane  of  contact ;  the  edge  O/i-i  being  in  the  plane  of  polarization  of  the  mioro* 
scope. 

(2)  For  miorocHne,  the  whole  structure  consists  of  a  multitude  of  very  fine  parallel  bands; 
the  section  may  show  microcline  alone,  either  hemitropic  or  not  hemitropic,  or  microcline  and 
orthoclase  ;  the  extinction  can  take  place  at  30"  54'  between  the  adjoining  bands  of  the  same 
plate  of  the  made  (microdine  alone),  at  80^  54'  between  the  two  plates  of  the  made  (micro- 
dine  in  bands),  or  at  15°  27'  between  the  adjoining  bands  (microdine  and  orthodase).  In  the 
last  case  the  whole  of  two  lamdlaB  of  the  made  show  at  the  same  time  an  extinction  oblique 
to  the  plane  of  composition,  bdonging  to  the  microdine,  and  one  paralld  to  this  plane  for  the 
orthoclase. 

(8)  For  dtbitSy  the  extinction  between  two  bands  takes  place  at  an  angle  of  6^  82'. 

(4)  For  oUgodase,  the  extinction  is  simultaneous  in  the  two  bands,  and  when  the  plane  of 
composition  coinddes  with  the  plane  of  polarisation  of  the  pdariscope,  it  shows  that  the 
structure  is  homogeneous. 

(5)  For  labradorite^  the  extinotion  takes  place  at  10^  24'  between  the  alternate  lines  of  the 
hemitropic  lamellaa. 

It  follows  from  this  thait  a  plane  normal  to  the  plane  of  the  axes  cats  the  base  along  a  line 
making  with  the  edge  0/i-i  the  following  angles : 

0**  in  orthoclase, 
15*  27'  in  microdine, 
8*  IG'  in  albite, 
5«  12'  in  hibradozite. 

A  vaziatioB  of  obm  or  two  degrees  from  the  above  mean  angles  waa  observed  in 
qieoimena    See  further  on  p.  426. 
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THtts — ^The  feldspws  are  duttingalshed  from  other  species  Vy  t^o  characfcen  already  stacea. 
prominent  among  which  are  :  cleavage  in  two  directiomi,  nearly  or  qnite  at  right  angles  U. 
aaoh  other ;  also  hardness,  eto. 

The  triclinio  feldspars  can  in  most  cases  be  distliigaished  frbm  orthodase  bj  the  fine  stria- 
tion  dne  to  repeated  twinning.  This  striation  can  often  be  seen  by  the  unaided  <^e  upon  the 
cleaTsge  face  (0).  And  its  eidstence  can  always  be  surely  tested  by  the  examination  of  a  thin 
yxition  in  polarized  light,  the  alternate  bands  of  color  showing  the  same  fact. 

The  separation  of  the  different  tzidiuio  species  can  be  surely  made  bj  ooroplete  analysis 
only,  or  at  least  by  the  determination  of  the  amount  of  aJkali  present.  The  degree  of  fusi- 
.  bility,  the  color  of  the  flame,  and  the  effect  produced  by  digestion  in  acids,  are  oftm  import- 
ant aida    In  the  hands  of  a  skilled  observer  the  optical  examination  may  give  decisive  results. 


I.    Indianite. 

Triclinic  i:i:d  =  0-86663  : 1-57648  : 1.  /A  i'  =  120°  31',  O  A  i-i, 
(over  2-«)=94°  10',  OaT  =  114^  6i',  OaI=  IW 
40',  O  A  2-t  =  98°  46'  ;  a  =  93°  13*',  fi  =  115°  55*^ 
y  =  91°  Hi'  Cleavage :  C?,  i-i  perfect,  the  latter 
least  M>.  Twins  similar  to  those  of  albite.  Also  mas- 
sive.    Strncture  granular,  or  coarse  lamellar. 

H:.=r.6-7.  ^  G.=2-66-2-78.  Lustre  of  cleavage 
planes  inclining  to  pearly ;  of  other  faces  vitreous. 
Ck>lor  white,  grayisn,  reddish.  Streak  uncolored. 
Transparent  —  translucent  Fittcture  conchoidal. 
Brittle. 

Var« — AnarthUs  was  described  from  the  glassy  crystals  of  Som- 
ma.    IndianiU  is  a  white,  grayish,  or  reddish  granular  anorthite  from  India,  first  described 
in  1902  by  Count  Boumon. 

Oomi>.--Q.  ratio  for  B  :  ^  :  Si=l :  8  :  4.  Formula  OaAlSiaOa= Silica  43*1,  alumina  80*8, 
time  20*1=100.    The  sikalies  are  sometimes  present  in  very  small  amount& 

F^pr.,  eto. — B.B.  fuses  at  5  to  a  colorless  glass.  Deoompoeed  by  hydrochlorio  add,  with 
iepB«ition  of  gelatinous  silica. 

Oba. — Occurs  in  some  granites;  occasionally  in  connection  with  gabbro  and  sezpentdne 
ro^s ;  in  some  cases  along  with  corundum ;  in  many  Tolcanic  rocks.  Found  in  tiie  old  lavas 
in  the  ravines  of  Honte  Somma;  Pesmeda-Alp,  T^yrol;  in  the  Faroe  islands;  in  Iceland; 
near  Bogodovsk  in  the  Ural,  eto. 

Bttownits  has  been  shown  l^  Zirkel  to  be  a  mixture.    Bytown,  Oanada. 


Triclinic.  7  A  J  =  121°  87',  O  A  a  =  98°  20',  O  A  /  =  110°  50',  O  A  / 
=  118°  Z^' ;  Marignac.  Twins :  similar  to  those  of  albite.  Cleavage :  O 
easy ;  iri  less  so ;  y  traces.  Good  crystals  rare ;  fi;enerallv  massive  granular, 
and  in  grains  cleavable ;  sometimes  cryptocrystailine  or  homstone-like. 

H.=o.  G.=2'67-2"76.  Lustre  of  O  pearly,  passing  into  vitreous; 
elsewhere  vitreous  or  subi-esinous.  Color  ^ray,  brown,  or  greenish,  some- 
times colorless  and  glassy;  rarely  porcelain-white;  usual^  a  change  of 
colors  in  cleavable  varieties.  Streak  uncolored.  Translucent-^-suhtrans- 
lucent. 

• 

Ooaqpb,  Var.— Q.  ratio  for  R  :  :M :  81=1  :  3  :  0,  but  varying  somewhat  (see  p.  810). 
Pocmula  B^SisOio :  here  B=Oa  and  Na«.  The  atomic  ratio  for  Na  :  Ga=2  :  8  generaUj, 
this  corresponds  to  Silica  52*9,  alumina  30*8,  lime  13*3,  soda  4*5=100. 

Var.  1.  deamdbU,    (a)  Well  orystalliied  to  (6)  maasiTe.    Plaj  of  ooIceb  either  wanting,  ts 
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In  some  colorless  otjstals :  or  pale ;  or  deep ;  blae  and  green  are  the  predominant  oalon ;  bot 
Telle w,  dre-red,  and  pearl-gray  also  occur.  By  cutting  very  thin  slices,  parallel  to  »-{,  from 
the  original  labradorite,  they  are  seen  under  the  microscope  to  contain,  besides  strin,  great 
numbers  of  minute  scales,  like  the  aventurine  oligoclase.  which  ore  probably  gothite  or  hema- 
tite. These  scales  produce  an  aifsnturine  effect  which  is  quite  independent  of  the  play  of 
colors  which  arises  from  the  interference  of  the  rays  of  light  reflected  by  innumerable  iiiler- 
nal  lameli89  (Bewtch),  The  yarious  forms  of  minerals  {micj'opl^ikites,  microphyUUea^  etc.)  eu- 
cdosed  in  the  labradorite,  and  their  relation  to  it  in  position,  have  been  thoroughly  inTcstigttted 
by  Schranf  (Ber.  Ak.,  Wien,  Dea,  1869). 

Vyr^  etc. — B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydrochlorio 
aoid  generally  leaying  a  portion  of  undeoompo^ed  mineral. 

Oi>s.— Labradorite  is  a  constituent  of  some  rocks,  both  metamorphic  and  igneous;  e.^., 
diabase,  doleryte,  basalt,  etc.  The  labradoritic  metamorphic  rocks  are  most  common  among 
the  formations  of  the  ArohaDan  or  pre*Silurian  era.  Such  are  part  of  those  of  British  America, 
northern  New  York,  Pennsylvania,  Arkansas;  those  of  Oreexiland,  Norway,  Finland,  Sweden, 
and  probably  of  the  Voeges.  Being  a  feldspar  containing  comparatively  little  silica,  it  occon 
maiiUy  in  rocks  which  include  little  or  no  quartz  (free  sUica). 

Kiew  has  furnished  fine  specimens ;  also  Labrador.  It  is  met  with  in  many  places  in 
Canada  East.  Occurs  at  Essex  Co.,  N.  Y. ;  also  in  8t.  Lawrence,  Warren,  Soohazie,  and 
Green  Cos.  Li  Pennsylvania,  at  liineral  Hill,  Chester  Co. ;  in  the  Witchita  Mta.,  Artansss. 
etc. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labiador,  by  Mr.  Wolfe, 
a  Moravian  ndssionazy,  about  the  year  1770,  and  was  called  by  the  early  minernlogists  Labra- 
dor stone  {Labradorttiein)y  and  also  chatoyant,  opaline,  or  Labrador  feldspar.  Labradorite 
receives  a  fine  polish,  and  owing  to  the  ohat>yant  reflections,  the  spedmena  are  often  higfalj 
beautiful.     It  is  sometimes  used  in  jewelry. 

Maskeltnitb. — Occurs  in  transparent,  isometric,  grains  in  the  meteozite  of  Sheigotty. 
Same  composition  as  labradorite. 


ANDE8ITE.    Andeaine. 

Triclinic.  Approximate  angles  from  Esterel  ciystale  (DesCl.):  0\i\ 
left,  87^-88%  O  A  /=  lir-112%  O  A  /  =  115°,  IhU  =  119M20%  FMrl 
=120^  (?A2-t  =  10r-102^  Twins:  resembling  those  of  albite.  Sel- 
dom in  crystals.  Cleavage  more  uneven  than  in  albite.  Also  granular 
massive. 

lL=6-6.  G.=2*61-2*74.  Color  white,  gray,  greenish,  yellowish,  flesh- 
red.    Lustre  subvitreous,  inclining  to  pearly. 

Oomp.— Q.  ratio  1:8:8,  but  raiying  to  1  :  3  :  7.  (General  formula  BAlSiiOit  j  B=ITastiid 
Oa  in  the  ratio  1  : 1  to  8  : 1 ;  if  the  ratio  is  1  : 1,  the  formula  corresponds  to  Silica  59*8,  ahi- 
mina  23*6,  lime  7*0,  soda  7*7=100. 

Pyr.,  etc. — Andesite  fuses  in  thin  splinters  before  the  blowpipe.  Saocharite  melts  only  ca 
thin  edges ;  with  borax  forms  a  clear  glass.    Imperfectlj  soluble  in  adds. 

ObB.-^Oocurs  in  many  rocks,  especiallj  some  trachytes.  The  original  locality  was  in  the 
Andes,  at  Marmato ;  also  in  the  porphyry  of  FEsterel,  France  ;  in  the  Yoages  Mts. ;  at  Tap- 
nefiord,  Iceland,  in  honey-yellow  transparent  crystals,  etc.  In  North  America,  foond  it 
Chateau  Richer,  Canada,  forming  with  hypersthene  and  ilmenite  a  wide-spread  rock ;  ookf 
flesh-red. 

Andesite  is  regarded  by  DesCloizeauz  as  an  altered  oligodase,  bat  many  oaxefnl  ans^jM 
|ioint  to  ft  feldspar  having  the  composition  giyen  above. 


fiTALOPHAMS. 

Monoclinic,  like  orthoclase,  and  angles  nearly  the  same*  £7:=  61^16', 
Ta  /  =  118°  41',  (?  A  1-i  =  130°  56i'.  Cleavage :  O  perfect,  i-i  somewloa 
less  a?.    In  small  crystals,  single,  or  in  groups  of  two  or  three. 
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H.=-.6-6'5,  G.= 2*80,  transparent;  2*905,  translucent.  Lnstre  viti'eous^ 
or  like  that  of  adnlaria.  Color  white,  or  colorless ;  also  flesh^red.  Trans- 
parent to  translucent. 

Oomp. — Q.  ratio  for  B  :  R  :  Si=l  :  3  :  8.     Formula  (Ba»K3)^Si40it.     Analyais  of  hyalo* 
phane  from  the  Binnenthal  bj  Stockar-Escher,  SiOs  52*67,  AIG.  21  12,  MgO  004,  CaO  0*40, 
BaO  15-05,  Na,0  2  14,  K,0  782,  H^O  0  58 =99 -88. 
Pyr^  eto« — B.B.  fuses  with  difficulty  to  a  biebby  glass.    Unacted  upon  by  aoida 
Obs. — Occurs  in  a  granular  dolomite  near  Imfeld,  in  the  Binnenthal,  Switzerland ;  also  al 
Jakobsberg  in  Sweden. 
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OUaOOLASE. 

Triclinic    /A  /'  =  120°  42',  0  A  U,  ov.  24'  =  93°  50',  (?  A  /=  110°  65', 
Oh  r  —  114°  40'.    Cleavage :  O, U perfect, the 
latter  least  so.     Twins :  similar  to  those  of  albite. 
Also  massive. 

II.=(>-7.  G. = 2-56-2-72  ;  mostly  2-65-2-69. 
Lustre  vitreo-pearly  or  waxy,  to  vitreous.  Color 
usually  whitish,  with  a  faint  tinge  of  grayish- 
green,  grayish-white,  reddish-white,  greenish, 
reddish ;  sometimes  aventnrine.  Titinsparent, 
ftiibtranslucent      Fracture  conchoidal  to  uneven. 

Oomp^  Var.~Q.  ratio  for  B  :  3^1 :  Si=l  :  3  :  9,  though 
with  some  variations  (see  p.  297).  Formula  BMSifOu,  with 
E=Nai(E«),Ca  The  ratio  of  3  : 1  for  Na  :  Ga  corresponds  in 
this  formula  to  Silica  61-9,  alumina  241,  lime  5*2,  soda  8*8=100. 

Var.  1.  CleiiwMe;  in  crystals  or  massive.  2.  Compact  mauivs ;  oligoelase-fd^iie ;  includes 
part,  at  least,  of  the  so-called  compact  feldspar  or  fdrits,  consisting  of  the  feldspar  in  a  com- 
pact, either  fine  granular  or  flint-like  state.  8.  Avsnturine  oligoeUue,  or  sunstone.  Color 
grayish-white  to  reddish-gray,  usually  the  latter,  with  internal  yeUowish  or  reddish  fire-like 
reflections  proceeding  from  disseminated  crystals  of  probably  either  hematite  or  gothite.  4. 
Moomtone  pt.    A  whitish  opalescence. 

Pyr.,  etc. — B.B.  fuses  at  8*5  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon  by 
aoids. 

Obs.— Occurs  in  porphyry,  granite,  syenite,  serpentine,  and  also  in  different  eruptive  rocks. 
It  is  sometimes  associated  with  orthoclase  in  granite,  or  other  granita-like  rocks.  Among  its 
localities  are  Faigas  in  Finland  ;  Sohaitansk,  Ural ;  in  protogine  of  the  Mer-de -Glace,  in  the 
Alps;  in  fine  crystals  at  ML  Somma;  as  sumtone  at  Tvedesferand,  Norway;  in  Iceland, 
oolorless,  at  Hafnefjord  [IiafnefiordiU).  In  the  United  States,  at  Unionville,  Pa.  ;  also  at 
HaddaoL,  Ct.  ;  IGneral  Hill,  Delaware  Co.,  Fa. ;  at  the  emery  mine,  Chester,  Mass. 

Named  in  1820  by  Breithaupt  from  6Myog^  UtUe^  and  kMu,  to  deave. 

TfiCHEBMAKiTB  (v.  Kobell). — Supposed  to  be  a  magnesia-fddspar^  but  the  conclusion 
was  probably  based  on  the  analysis  of  impure  material.     Later  investigations  (Hawes,  Fisani) 
it  an  oligodase.     Occurs  with  kjerulfine  from  Bamle,  Norway. 


ALBITS.* 


Triclinia  / A /  =  120**  47',  (? A i-f  =  93**  36',  0 A /'  =  114^ 42',  Ohl 
=  110^50',  C?A2-t'=136^  50',  (9 A 2-^  =  133^  14'.  Cleavage:  O,  iA 
l^rf eel,  the  first  most  so ;  1-t  sometimes  distinct.  Twins:  twinning-plane 
irij  axis  of  revolution  normal  to  i-ly  this  is  the  most  common  methoa,  and 
its  repetition  gives  rise  to  the  fine  striations  (p.  91)  upon  the  plane  O,  which 
are  bo  characteristic  of  the  triclinic  feldspars ;  twinning-plane,  2-{  (f.  578) 
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aiia1<woue  to  the  Baveno  twins  of  orthoclase ;  also  twinning-axia,  tlie  vertical 
aria  (f.  575) ;  twinning-axis,  the  macrodiagonal  axis*  (i),  titepericlina  troim. 
Doable  twins  not  uncommon.  Trne  simple  cryaCals  very  rare.  Also  mas 
Bive,  either  lamellar  or  granular ;  the  laminsB  sometimeB  divergent ;  granulai 
varieties  occaeioually  quite  fine  to  impalpable. 


H.=:6-7.  G.=2-69-2-65.  Lustre  pearly  upon  a  cleavage  face ;  vitret^iu 
in  other  directions.  Color  white,  afeo  occasionally  bluish,  gray,  reddteli, 
greenish,  and  green ;  eometimee  having  a  bluish  opalescence  or  play  of  colon 
on  0.  Streak  nncolored.  Transparent— sabtranslucent.  Fracture  imeveiL 
Brittle. 

Ooittp.,Var,— Q.ntioNk:  Al:  SI=1 :  8  :  13.  Formula  Nai:AaSUO,i=8iIiM68-4,taiiiiiiM 
1E)-6,  soda  11-8=100.  A.  Email  part  of  die  Hodlnm  is  leplaoed  tuaally,  if  not  alm^s,  bj 
potaaeinm,  aud  alao  by  caloinm  (ben  Naf  by  Ca).  Bat  Uiesa  di9erenc«e  are  not  eitwriiUf 
apparenL 

Tar.  1.  Ordhary,  {a)  In  cryitala  oi  cleaTabla  maiEive.  Tbe  anglee  vaiy  aomewhit, 
•speoiall;  for  plane  T.  (b)  Aventmine;  almilar  to  aTentnrine  oligoclase  and  orthodue.  {*) 
MooTubme  ;  tAmWnx  to  noonitone  nndor  oligoclase  and  oitboolaae.  Peritteriix  is  a  wbitijli 
adolarla-llke  albite,  ^Ii%  irldeaoent,  baring  a.=2'(tS6;  named  from  irrpun-rprf,  fa?'^")  *!>■ 
ooloiB  teaemblinin'  aomewhat  tboM  of  tbe  neck  of  a  pig«on.  (d)  j*erie2t'n«  is  in  larg^  opaqoe, 
white  orystaJa,  i&ort  and  broad,  of  the  formain  f.  677  [f.  884,  p.  101);  from  the  dUoriteaclurti 
of  the  Alp%     Lamellar ;  eUacdnndife,  a  wbite  kind  found  at  Obestecfleld.  Haaa. 

Pyr.,  eto. — B.  B.  f  ntee  at  4  to  a  oolorlem  oi  white  glaaa,  imparting;  an  intense  ydlow  to  tbe 
flame.     Ifot  noted  apon  bj  acida. 

Oba. — Alblte  is  a  oonstitnent  of  several  roolm,  as  dioiTte,  etc  It  oocnia  with  otthocliae  it 
•ome  granite.  It  is  common  alao  in  gneiaa,  and  sometdmee  in  tbe  oiystalline  schists.  Teini 
of  albitio  granite  ate  often  repositoriee  of  the  rarer  granite  minerals  and  of  fine  cryitallin- 
tions  of  gOTit  Indn'ding  beryl,  tourmaline,  allanite,  oolnmbiU,  eto.  It  occnrs  also  in  wime 
^aohyte,  in  pbonolyte,  in  granular  limestone  In  disaeminated  olTStals,  as  near  Uodsse  is 
Havoy.  Borne  looalitiea  for  crystals  are  ;  Sohneeberg  in  Psaseir,  in  simple  crystals ;  Col  ds 
Bonhommn ;  St.  Gothard,  and  elsewhere  in  the  Alps ;  Fenig,  eta,  Bazony ;  Anmdal ;  Gcesa- 
Und ;  Island  of  Elba. 

In  the  U.  8.,  In  Maine,  at  Paris.  In  Mam.,  at  Oheaterfleld ;  at  Ooshea.  In  Cmn~.ti 
Haddam;  at  Hiddletown.  In  JF.  Icrie,  at  Qranville,  Waahington  Oa  ;  at  Horiah,  Enei  Ca- 
in Psnn.,  at  Unionirille.  Delaware  Oo. 

The  name  Albite  la  Jerived  from  albut,  white,  In  atlnnon  to  its  oolor,  and  was  gitea  El* 
■peoies  by  Gahn  and  Ber/elins  in  1814. 

o  be  the  trae  method  of  twinnliv  in  tUi  «■»,  •■' 
on  p.  101)  U  In 
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MonocUuia  (7=  63°  63', /a/=  118"  48',  O A 14  =  153°  28';  Stbtd 
=  0-844  :  1-6183  : 1.  (?  A  1-i  =  129°  41',  6»  A  2-»  =  99"  38',  0  A  2  =  98' 
4'.  Cleavaf^:  C?  perfect;  t-l  less  distinct ;  i-t  faint;  also  imperfect  in  the 
direction  ot  one  of  the  faces  I.  Twins:  twinning- plane,  i-t  {Gm'Uhad 
twiru)  f.  683,  but  the  clinopinacoid  (t'-i)  the  composition-face  (see  p.  98) ; 
twinning-plane  the  base  (0)  f.  683 ;  also  the  clinodome,  24  {Baveno  twina), 
u  in  f.  688,  in  which  the  prism  is  made  up  of  two  adjoining  planea  O  and 
two  v-i,  and  is  nearly  square,  because  O  f\i-\^  90°,  and  <?A2-i  ^  185°  3'; 
IaI=  169"  28' ;  also  Wie  same  in  a  twin  of  4  crystals,  f.  587,  each  side  of 
the  priBm  then  an  O  (see  also  p.  99).  Often  massive,  grannlar ;  Bometimes 
lamellar.  Also  compact  crypto-crystalline,  and  sometimes  flint-like  or 
jaeper-like. 


HL=6-6-5.  G.=2-44-a-62,  mostly  3-5-2-6.  Lustre  vitreous;  on  cleav- 
age-surface sometimes  pearly.  Color  white,  gray,  flesh-red,  common; 
greenish- white,  bright-green.  Streak  nncolored.  Transparent  to  tran&- 
laceat.  Fracture  condioidal  to  uneven.  Optic-axial  plane  sometimes  in 
the  orthodiagonal  section  and  sometimes  in  the  clinodiagonal ;  acute  bisec- 
trix always  negative,  normal  to  the  orthodiagonaL 

Oomp^  Tu.— q.  ratio  for  K:M:  81=1  :  8  :  19.  Pormnla  K,A)S1.0,i=Smaa  64-7,  mln. 
Kiiik  ISA  potaah  10-9sl00;  with  Mdiam  somsliiiaM  replkoing  put  of  the  potaaiinm.  The 
octhooUM  of  Carisbad  ooutaitM  nbidinm.  The  varietiee  depend  munlT  on  ttmoliue,  VKd*- 
tioiui  in  anglet,  the  piesenoe  ot  iiod&.  and  the  preaeooe  of  impaiiUea. 

Th«  uDOnnt  of  sodinm  detected  bj  uial;ieB  TUiee  greMI;,  the  yarie^  lanidia  (see  below) 
■ometunee  oonteinlng  6  per  cent.  The  Tariationa  in  angles  are  laige,  and  they  oooar  loine- 
timea  eren  in  BpeoinienB  of  the  aame  locolitj.  The  orTBtallUation  is  Domiiill?  monodinlo, 
«i^  the  vanationa  are  nmply  iiregolaritiea.  There  ore  ^bo  large  optical  TariadonB  in  artho- 
daM,  onwhichBeeDeeCLHin.,  L,  329. 

Tar.  1.  Ordiaary.  In  cifetala,  or  cleavable  maniTe.  Adularia  (adolar).  Transparent, 
oleavable,  oEoallj  with  pearly  opaleaoent  reflectlona.  anil  sometimeB  with  a  pla;  of  ooloia  like 
labiad(»iCe,  tiiongh  paler  in  ahade.  MooTUtone  belong*  in  part  here,  the  reet  being  iJbite  and 
oUgoolaae.  SutulmtX,  or  iventvTtTie  feidnpar :  Tn  part  orthoclase.  reet  albite  or  olijfoolow 
(q.  t).  AnummtUme;  Bright  Terdigris-greea,  and  cleavable,  moatl;  miitnreaof  oithaclaaa 
and  mlcrooline  (Dx.).  Kceoig'  ooncludes  that  thf  coloring  matter  of  the  Pike's  Peakamoion. 
rtona  is  an  organiu  componnd  of  iron,  which  has  been  infili'rated  into  the  masa. 

fiMur/in  of  Noee,  or  giaiay  fMdipar  (indadiDK  mooh  of  iSe  let-tpar,  put  of  wUoh  ti  hm» 
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thite).  Occara  in  transparent  glassy  orjstals,  moctlj  tabnlar  (whence  tbe  name  from  aavtf^  i 
boaid),  in  lava,  pamioe,  trachyte,  phonolite,  eta  Proportion  of  soda  to  potash  varies  from 
1  :  20  to  2  :  1.  lUiyaeoUte  is  the  same ;  the  name  was  applied  to  glassy  crystals  from  Mb 
Bomma  (Eisspath,  Wern,), 

CheiterUU,  In  white  crystals,  smooth,  but  feebly  lostrons.  implanted  on  dolomite  in  Ches- 
ter Co. ,  Penn.,  and  having^  wide  variations  in  its  angles.  It  contains  but  little  soda.  Acooid- 
ing  to  DesGloizeauz  the  ohesterlite  consists  of  a  union  of  parallel  bands  of  orthodase  and  s 
triclinic  feldspar  of  the  same  composition,  which  he  calls  micracUne  (see  below). 

LoxocUtse,  In  grayish-white  or  yellowish  crystals,  a  little  pearly  or  greasy  in  lustre,  oftei 
largo,  feebly  shining,  lengthened  usually  in  the  direction  of  the  clino^agonaL  0Ai=113' 
80',  0Ar=112'  50*,  7Ai'=120'  20',  0M-\  (cleavage  angle) =90%  Breith.  G.=2-6-2'62, 
Plattner.  The  analyses  find  much  more  soda  than  potash,  the  ratio  being  about  3  : 1,  but 
how  far  this  is  due  to  mixture  with  albite  has  not  been  ascertained.  From  Hammond,  St 
Lawrence  Co.,  N.  Y.  Named  from  \oi6^y  transverse^  and  irAao»,  I  deave^  under  the  idea  that 
the  crystals  are  peculiar  in  having  cleavage  parallel  to  the  orthodiagonal  section.  PerikUe, 
A  flesh- red  aventurine  feldspar,  consisting  of  interlaminated  albite  and  orthodase,  as  shown 
by  Breithaupt.     From  Perth,  Canada  East. 

Compact  Obthoglabk  or  Orthoglabb-fklsitb. — This  crypto-crystalline  variety  is  com- 
mon and  occurs  of  various  colors,  from  white  and  brown  to  deep  red.  There  are  two  kinds 
(a)  the  jaftper4ike,  with  a  subvitreous  lustre  ;  and  {b)  the  eeratoid  or  aoax-Hke^  with  a  waxy 
lustre.  Some  red  kinds  look  closely  like  red  jasper,  but  are  easily  distinguished  by  the  fusi- 
bility. The  orthodase  differs  from  the  albite  fdsito  in  containing  much  more  potash  than 
soda.     The  Swedish  name  HdMeflinta  means  false  flint, 

Pyr.,  eto« — B.B.  fuses  at  5 ;  varieties  containing  much  soda  are  more  fusible.  Lozodase 
fuses  at  4     Not  acted  upon  by  acids. 

Obs. — Orthodase  is  an  essential  constituent  of  many  rocks ;  here  are  induded  granite, 
gneiss,  and  mica  schist;  also  syenite,  trachyte,  phonolyte,  ete.,  eto. 

Fine  crystals  are  found  at  Carlsbad  in  Bohemia ;  Katherinenburg,  Siberia  ;  Arendal,  Nor- 
way ;  Baveno  in  Piedmont;  in  Cornwall ;  in  the  Urals  :  the  Moume  mountains,  Ireland,  etc; 
in  the  trachyte  of  the  Drachenfels  on  the  Rhine.  In  the  XJ.  States,  orthodase  is  found  in 
If.  Hamp,,  at  Acworth.  In  Conn.,  at  Haddam  and  Middletown.  In  J^^.  York,  atHosrie; 
in  the  town  of  Hammond ;  in  Lewis  Co. ;  near  Natural  Bridge  ;  in  Warwick ;  and  at  Amity 
and  Edenville.  In  Penn.^  in  crystals  at  Leiperville,  Delaware  Co.,  etc.  In  If.  Car.,  at 
Washington  Mine,  Davidson  Co.;  beautiful  Amazoustone  at  Pike*s Peak,  Col.  Massive oitho- 
clase  is  abundant  at  many  localities. 

MiCROCLiNE.*  A  tridinic  poUi^  fddspar. — The  name  mieroeUne  was  originally  given  hy 
Breithaupt  to  a  whitish  or  reddish  f ddspar  from  the  zircon-syenite  of  Fredericksvani  and 
Brevig,  Norway,  on  the  ground  that  it  was  tncUnie.  It  was  shown  by  DesCloizeauz  that  this 
feldspar  was  merely  a  variety  of  orthodase  remarkable  for  its  large  amount  of  soda.  Recently 
the  latter  author  has  proposed  to  retain  this  name  for  a  feldspar  found  in  the  midst  of  gran- 
ites, pegmatite,  and  gneiss,  which  is  shown  both  by  the  angle  between  its  deavage  plan», 
and  also  by  its  optical  properties,  to  be  really  trieUnic. 

Form  generally  like  that  of  orthodase.  Cleavage  basal  and  dinodiagonal,  and  also  easy 
parallel  to  both  prismatic  faces  (i  and  i') ;  for  the  optical  properties  see  p.  296L  Often  asso* 
dated  with  orthodase  in  regular  paralld  bands,  especially  in  the  amazonstone  ;  albite  is  also 
M)metimes  present,  though  irregularly.  Analysis  of  a  ^*  pure  miorodine  "  from  Magnet  Core 
byPisani.     G.=2-54. 

SiO,  2yO«  FeOs  K,0  Na^O  ign. 

0430  19-70  0-74  15-60  048  0-35=10117 

The  association  of  orthodase  and  microdine  was  observed  in  specimens  from  tbe  Dmss 
Mts.;  Urals ;  Arendal ;  Greenland ;  Labrador;  Leverett,Mass.;  Delaware,  Chester  Co.,  Pens.; 
Pikers  Peak,  CoL  The  purest  microdine  was  that  of  a  grreenish  color  from  Magnet  Gore, 
kxkm  ;  it  endosed  crystals  of  segirite,  and  was  not  mixed  with  orthodase. 

Sdbsilic^tes. 
Humite  or  Chondrodiie  Grov/p^  inclading  three  sub-species: 

I.  Homite;  IL  Ohondrodite;  IIL  Olinohumite. 

The  existence  of  three  types  of  forms  among  the  crystals  of  humite  (Vesuvius)  W4#  4&d5 
by  Scacohi ;  they  have  since  then  been  further  investigated  by  vom  Rath  (Pogg.  AiTm 
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Bd.  T.,  321,  1671 :  ibid.,  ▼!,  385, 1873).  The  chemical  identity  of  the  Bpeciea  hnmiie  ^and 
choadiodite  was  shown  by  Uammelabeig ;  later  Koksoharof  proved  that  the  ozystals  of  ohon- 
drodite  from  Par^pas,  Finland,  were  identical  in  form  and  angles  with  Soaochi's  type  II,  of 
hnmite,  and  the  same  has  also  been  shown  of  the  Swedish  crystals  by  vom  Bath.  Li  187fi 
the  aathor  described  crystals  of  chondrodite  from  Brewster,  N.  Y. ,  belonging  to  each  of  the 
throe  types  of  hnmite ;  he  showed,  moreover,  then  and  later  (Feb.,  1876),  that  oontraiy  to 
what  had  been  preyioiisly  assumed,  the  crystals  of  both  type  II.  and  type  III.  were  monocUnic^ 
not  orthorhombic.  DesOloUeanx  and  KJein  have  since  proved  (Jahrb.  Min.,  1870,  No.  6) 
the  mouoclinio  character  of  type  III.  of  the  Vesnvian  humite,  and  the  former  that  of  the 
Swediiii  crystals  (type  II.) ;  he,  moreover,  proved  the  orthorhombic  character  of  the  oxystolw 
of  type  L ,  Yesuvios.  In  accordance  with  these  facts  DesGloizeauz  has  proposed  that  the  thre^ 
iTpes  be  regarded  as  distinct  species,  with  the  names  given  above. 


I. 


*  Indnding  type  L,  Soacchi,  Yesavins.   Also  rare  crystals  from  Brewster,  N.  Y. 
The  latter  la^e,  ooane,  and  having  suffered  more  or  less  alteration. 


Orthorhombic.  Holohedral.  i-2  {c?) M2  =  130*»  19' ;  0{A)A 3-1  (f)  = 
102^48';  C>Al-i(t^)  =  124''16';  (9 A 3-« ((?»)  =  103° 47' ;  (9  A l-r (e«)  =  12(»- 
21' ;  O  A 12  (f)  =  121°  44'.  Twins :  twinuing-Dlaue  ^-i,  also  f  i,  in  botli 
cases  the  an^le  of  the  horizontal  prism  is  nearly  120^  Optic-axial  piano 
parallel  to  the  base,  acute  bisectrix  positive,  normal  to  ^-i.  Dispei'sio)) 
almost  zero.    2Ha  =  7^*  18' -79"  for  red  rays.    (DesCl.) 


Yesavins. 


Brewster, 


Brewster. 


(L  OHOMDRODITE.*  Indnding  type  11.  of  Soacchi,  Yesuvins ;  also  ciystals  from  Finland, 

Sweden,  and  with  few  exceptions  those  of  Brewster,  N.  T. 

Monoclinic  jlAt=:122"  29';  AAe^^lOd""  5';  ^A6»'  =  10S°  58'; 
^  :7i«=103"  12';  ^An«'  =  103"  9';  ^  Ar^  =  135»  20';  ^A7^  =  125- 
60' ;  CA/^  =  146«  24';  (7a  n«  =  135^  40' :  (7An^  =  135^  41'. 

The  letters  (those  employed  by  Scacchi)  correspond  to  the  following 
symbols*— • 

A=0    i  =  14  6»  =  —2^*  7i«  =  — 2  r^  =  — fi   r^^:  -  |-i   m'=  -6-1. 
(7  =  i.i   *»=i4  <^=     U  n"=      2   /^=     fi  r^=       4-i     i»  =     i-l 

Twins  :  twinning  plane  f-i  (±?)  and  ^i  (±?),  (both  having  a  prismatic 
angle  nearly  120**) ;  also  the  basal  plane  O  (Brewster,  N.  Y.,  t.  593). 
Optic*axial  plane  makes  an  angle  of  26**  with  the  base ;  acute  bisectrix 
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positive,  normal  to  the  clinopinacoid  {O).    2Ha=88'*  48'  for  rud  rm 
iirewBter,  N.  T.  (E.  S.  D.).  2Ha=  86*  14'-87*  20'  (red  rays),  Sweden,  (DesCL) 

The  above  an^es  are  those  giyen  bj  DeeCloixeaiiz,  the  aathor's  own  meiunirementa  on  tii» 
czysials  from  Brewster  (not  yet  oompleted),  point  to  a  nnaUer  yariation  from  the  rectangnUv 
t^v^    DeeOloiieaaic  makes  the  plane  ^'=«-f',  and  f*s=If  r*=l,  r*=  —1. 

595 


Brewster. 


Brewster. 


Vesuvina 


III.  OZiDfOUUMlTil.   Indnding  l^pe  III.  of  Scaoohi,  YosaTins ;  also  rare  finely  polished 

red  orysttds  from  Brewster,  N.  Y. 

Monoclinic.  ^  A <?•  =  138«  40' ;  ^  A  ^  =  133^  40' ;  ^  A  *'  =  125*  13'; 
^Am  =  114^65';  ^Am»  =  92°  58';  ^An  =  132*'  14';  ^A7i*  =  122* 
67';  ^  A 71,*  =  97'  23'  ;AAn*'  =  97^  23' ;  ^  A7J^  =  13r  23  ;  ^  At^  =  125° 
47' ;  Ca  r»  =132'  56' ;  C A  7^  =  137°  25'.    DesCloizeanx. 

These  letters  (those  employed  by  Scacchi)  coiTespond  to  the  following 
symbols : — 


A-0     t=44    7>=4    7i*  = 

C=i-i      »^=l-i     7l»=-4     7l*'= 


71*  =—4      7*  = 


TTT* 


7*=-f.i      7-^=-f.i 

47**=      f-ir*=fi7*  = 


8-i 


DcsCIoizeaax  makes  the  plane  ^'  =  i-i,  7^  =  7J  and  7^  =  —  1,  and  t*  =  1. 
Twins :  twinning-plane  —4"*' ;  also  the  basal  plane  (Bi-ewster).  Optic-a^&l 
plane  makes  an  angle  of  7i'  with  the  base,  ^i*ewster  (Dana) ;  same  angle 
for  Yesuvian  crystals  equals  12'  28'  (Klehi),  abont  11'  pesCl.).  Acnte 
bisectrix  positive,  nonnal  to  clinopinacoid.  2Ha=84°  40'-85'  15',  yellow 
(Kl.).=84°  38'-85'  4'  white  crj^stals,  and  =86^  40'-87'  14'  brown  crystals 
(DesCL).    Sections  of  crystals  often  shows  a  complex  twinned  structure. 

In  other  physical  and  in  chemical  characterB  these  three  snb-species  are 
liardly  to  be  distinguished. 

H.=6-6*5.  G.=3*118-3*24.  Lustre  vitreous — resinous.  Color  of 
crystals  yellowish-white,  citron-yellow,  honey-yellow,  hyacinth-red,  brownish 
(yesuviue^;  also  deep  garnet-red  (Bi*ewster).  Color  of  the  mineral  occ12^ 
ring  massive  and  in  rounded  imbedded  grains  (chondrodite  at  least  in  part) 
as  of  crystals,  also  sometimes  olive-green,  apple-gi*cen,  gVay,  black.  Streak 
white,  or  slightlv  yellowish,  or  grayifh.  Transparent — subtranslucent 
Fracture  subconchoidal — uneven. 
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Ooiiip«— The  chemioal  investigwtioiiB  of  BammelBbeig  and  Toxn  Bath  have  served  to  show 
a  oonaiderable  yariation  in  oomposition  in  the  different  yaxieties,  but  do  sot  g^ive  deddedly 
different  formulaa  to  the  three  types  of  Scaoohi,  that  is,  the  three  minerals  described  abore. 

In  general  Q.  ratio  for  Mg  :  Si=n4  :  8  (1^  :  1),  and  the  formula  then  MggSiaOu  ;  or,  as  pre- 
feired  l^  Rammelsberg,  Mg  :  Si=5  :  4  (li  :  1),  and  the  formula  is  then  MgftSiaOg.  In  all 
eases  p«rt  of  the  magnesinm  is  replaced  by  iron,  and  part  of  the  oxygen  by  fluorine  (F»),  tlie 
amount  Taiying  from  2^  to  8^  p.  a,  but  certainly  not  dependent  (▼.  Bath  and  Bamm.)  upoo 
the  three  types. 


Analjsee: — 

L  Hnmite,  Yesuvius, 

IL  Chondrodite,  Yesuyius, 

IL  Chondrodite,  Brewster, 

n.  Chondrodite,  Sweden, 

m.  Clinohumite,  Yesuvius, 


Chondrodite (?), N.Jersey, 38-97   8*48   56*97    7*44 


SiO,  FeO  HgO  F 

85*68  5-13  64-46  2*48  CaO  0-23  MO.  0-82=99-68,  y.  Bath. 

38*26  2-80  57-92  5*04  CaO  0*74  3^0. 106=100-82,  Bamm. 

84-10  7-28  53-72  4-14     AID,  0-48=99-72,  Hawes. 

88-96  6^  63-51  424     aWOa  0-72=99-26,  y.  Bath. 

86-82  6-48  54-92  2  40     AlOa  0-24=99-86,  y.  Bath. 


=101*68,  Bamm. 


Pyr.,  etc. — B.B.  infusible :  some  varieties  blacken  and  then  bum  white.  Fused  with  salt 
of  phoisq;>horus  in  the  open  tube  gives  a  reaction  for  fluorine.  With  the  fluxes  a  reacUou  for 
iron.     Gelatinizes  with  adds.     Heated  with  sulphuric  acid  gives  off  silicon  fluoride. 

IDIft — ^Distinguishing  characters  are :  inf  usibility  ;  gelatinizing  with  acids ;  fluorine  xeao- 
tion  with  sulphuric  acid. 

Obfl.— The  localities  of  the  ozystallized  minerals  have  already  been  mentioned. 

The  granular  chondrodite  (?)  occurs  mostly  in  limestone.  It  is  found  in  Finland  and 
in  Sweden :  at  Taberg  in  Wermland  ;  at  Boden  in  Saxony  ;  on  Loch  Ness  in  Scotland ;  at 
Acfamatovsk  in  the  Ural,  etc.  Abundant  in  the  counties  of  Sussex.  N.  J. ,  and  Orange.  N.  Y., 
where  it  is  assodated  with  spineL  In  i\r.  Jeneff,  at  Biyam ;  at  Sparta;  at  Yemen,  Lockwood, 
and  Franklin.  In  if.  York,  in  Orange  Co.,  in  Warwick,  Monroe,  etc.:  near  Edenville;  at 
the  TiUy  Foster  Iron  Mine,  Brewster,  Putnam  Co.  In  JTom.,  at  Chelmsford.  In  P^nn,,  neai 
Chadflford.  In  Canada^  in  limestone  at  St.  Crosby ;  St.  Jerome ;  St.  Ad^e ;  Grenville,  etc., 
ibundant 


TOURMAUNZL*  Tormalin,  Oenn. 
Ehombohedral.  ^  A  i?  =  103^  OAli=:  134^  3' ;  J  =  0-89626.    i  A  J 
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hemihedral,  being  often  nnlike  at  the  opposite  extremities,  or  herniuiorphic, 
and  the  prisms  often  triangular.  Cleavage:  i?,  —  i,  and  i-2,  difficult 
Sometimes  massive  compact;  also  columnar,  coai'se  or  fine,  parallel  or 
divergent. 

H.=7-7'5.  G.=2*94-3-3.  Lustre  vitreous.  Color  black,  brownish- 
black,  bluish-black,  most  common  ;  blue,  green,  red,  and  sometimes  of  rich 
shades ;  i*arely  white  or  colorless ;  some  specimens  red  internal!}^  and  green 
externally;  and  otliers  red  at  one  extremity,  and  green,  blue,  or  black  at 
the  other.  Dichroic  (p.  165).  Streak  uncolored.  .  xransparent^-opaqne ; 
greater  transparency  across  tlie  prism  than  in  the  line  of  the  axis.  Frac- 
ture subconchoidal — uneven.    Brittle.    Pyroelectric  (p.  169). 

Var.— 1.  Ordinary,    In  cxystAls.     (a)  BubeUUs;  the  red  sometimes  transparent,    {b)  Indh 

edUte  ;  the  blue,  either  pale  or  bluish -black ;  named  from  the  indifco-blue  color,    (e)  BraaUan 

Sapphire  (in  jewebry);  Berlin-blue  and  transparent;   (d)  Brazilian  Emerald^  Chry$elU6  {cn 

Peridot)  of  Brazil ;  green  and  transparent,     (e)  Peridot  of  Ceylon  ;  honey-yeUow.     (/)  Aeh- 

roite;  colorless  tourmaline,  from  Elba,     {g)  Aphrmte;   black  tourmaline,  from  Kxagezoe, 

Norway,    {h)  Columnar  hnd  black ;  coarse  columnar.    Resembles  somewhat  hornblende,  but 

nas  a  more  resinous  fracture,  and  is  without  distinoi  deavage  or  anything  like  a  fibrous 

appearance  in  the  texture. 

Oomp. — Q.  ratio  of  all  varieties  for  B  :  Si=8  :  2  (Bammelsbeig),  consequently  the  general 
II    I  I  II 

formula  is  Ba(Be,B)SiOft.  B  may  represent  here  H,  K,  Na,  Li ;  also  B=Mg(Ga),Fe,Hn,  and 
B=:^,Ba ;  further  than  this  the  Si  is  often  in  part  replaced  by  Ff  Bammelsbeig  distin- 
guishes two  groups,  where  the  Q.  ratio  for  B  :  ^1  :  Si=8  :  6  :  8,  and  (2)  with  the  Q.  ratio  for 

B  :  Al :  Si=l  :  3  :  8.    In  the  first  group  fall  most  of  the  yeUow,  brown,  and  black  varieties, 

II     I 

the  bivalent  elements  (Mg,Fe)  predominating,  the  general  formula  being  B8(Ba)H>Si40tc 
The  second  group  includes  the  colorless,  red,  and  slightly  green  kinds,  the  univalent  elementi 

appearing  most  prominent,  especially  lithium.    The  general  formula  is  Be(Bs)ftbSi804a. 

Several  distinct  varieties  are  made  under  these  groups,  which  wiU  be  sufficiently  illustiated 
by  the  following  analyses,  by  Bammelsberg.  I.  Grouvemeur,  brown*;  G.  =8*049.  II.  Haddam, 
Wa^;  G.=8_186.     UI.  Goshen,  bluish-black;  G.=8-203.     IV.  Paris,  Me.,  red;  G.  =3-019. 

Na,0  K,0  LisO  F  H,0 

1-28    0-26     2-8l=100-00 

1-60    0-73  —  —  1-81=100'00 

l-7o    0-40  0-84  082  2-21=l00-82 

2-60    0-68  1-17  118  2  00=100-20 

2-47    0-47  0-72  0*55  2-31=100-65 

Pyr.,  etc. — I,  fuse  rather  easily  to  a  white  blebby  glass  or  slag ;  II.  fuse  with  a  strong  Lest 
to  a  blebby  slag  or  enamel ;  III.  fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  lY.  fuse 
on  the  edges,  and  often  with  great  difficulty,  and  some  are  infusible  ;  V.  infusible,  but  becom- 
ing white  or  paler.  With  the  fluxes  many  varieties  give  reactions  for  iron  and  manganese. 
Fused  with  a  mixture  of  potassium  bisulphate  and  fluorite  gives  a  strong  reaction  for  bonuso 
add.  By  heat  alone  tourmaline  loses  weight  from  the  evolution  of  silicon  fluoride  and  per- 
haps also  boron  fluoride ;  and  only  after  previous  ignition  is  the  mineral  completely  decom- 
posed by  fluohydric  acid.  Not  decomposed  by  acids  (Bamm. ).  After  fusion  perfectly  decom- 
posed by  sulphuric  acid  (v.  Kobell). 

DUEL — Distinguished  by  its  form,  occurring  commonly  in  three- sided,  or  six-sided  prisms; 
absence  of  cleavage  (unlike  hornblende).  It  is  less  easily  fusible  than  garnet  or  vesurianita 
B.B.  (see  above)  gives  a  green  flame  (boron). 

Obs. — Tourmaline  is  usually  found  in  granite,  gneiss,  syenite,  mica,  chloritic  or  talcose  schiiiii 
dolomite,  granular  limestone,  and  sometimes  in  sandstone  near  dykes  of  igneous  rocks.  Tbt 
Variety  in  granular  limestone  or  dolomite  is  commonly  brown. 

Prominent  localities  are  Katherinenburg  in  Siberia ;  Elba ;  Windisch  Eappell  in  Oarintiiii ; 
Rozena;  Airolo,  Switzerland;  St.  Gothard.  In  Great  Britain.  Bovey  Tracey  in  Devon; 
Oomwail,  at  different  localities ;  Aberdeen  in  Scotland,  etc. 

In  the  U.  States,  in  Maine,  at  Paris  and  Hebron.  In  Mass.,  at  Chesterfield ;  at  Goshen,  htuei 
In  If,  Hamp,,  Grafton ;  Acworth,  eto.   In  Conn.,  at  Monroe  and  Haddam,  black.  In  if.  ForK 
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krOouremrar;  near  Fort  Eeniy,  EwazCo.,  enolotiiig  orthoclaae  (im  p.  109);  PisTrepont; 

If  Ed«uTill«.  In  Pmn. ,  Dear  XJoJoDviile;  at  CheBtetj  Middletown,  and  eUewbere.  lo 
Canada,  at  G.  Calumet  Id.  ;  at  Fitiroj,  a  W. ;  at  Himtentowii,  0.  B. ;  at  Bathoiat  and 
" — '-T.  C.  W. 


Oebushtb. — TetragonaL    Color  Ra7uh-|[Teen.    Q.  ratio  fc 
torlMMeaand  nliooii.    FormalaCaifiSiiOii,  with  S=A1 :  Fe=<i  ,  i ,  »»■  loiuiisb .3>u 
•lamina  31  S,  iron  Msqulozide  6-6.  Ilme4-30=:1M.     ML  MoaMni,  Fauathal,  Tjrol. 

ANSALUaiTE. 

Orthorhombic.     7a  7=  90°  48',  £>  A  1-i  =  144''  33' ;  ^  :  X  :  d  =  0-71241 
:  1-01405  :  1.     Cleavage :  /  perfect  in  crystals  from 
Brazil ;  t-*  less  perfect ;  i-i  in  ti-aces.     Massive,  im-  908 

perfectly  columnar,  sometimes  radiated,  and  granular. 

H.^7"5  ;  in  some  opaque  kinds  3-6.  G-.=805- 
3-35,  mostly  8'l-3'2.  Lusti-e  vitreous  ;  oft«n  weak. 
Color  whitish,  rose-red,  fleah-red,  violet,  pearl^ray, 
reddiah-hrown,  olive-green.  Streak  uiicolored.  Tran&> 
parent  to  opaque,  tisualiy  sabtmnslnceut.  Fracture 
uneven,  subconuhoidal. 

Var. — 1.  Or<!inary.  H.=:7-6aiitliebaultaoe,if  notelsewhen. 
9:  ChiawUliU  (maols),  Sterling,  Hius.  Stout  cTjatals  having  the 
azia  and  anglM  of  a  different  oolor  from  the  ceot.  owing  to  a  cegn* 
lar  •TTangement  nf  impuiltiei  throngh  the  mteriar,  and  hence  ez- 
biUling'  a  colored  croes,  ot  a  teaaelated  appeannoe  iu  a  trausverM 
•action.  n.=3-7'5,  Taiying  much  with  the  d^iee  ol  imporitj. 
Tha  foUovingflgareahoiraeectiontof  K>meoT7Btals(Beeal8op.  110). 

604 

Oomp — Q.  raUoforii:  8t=6:3;  A13iO,=Silioa3e'0,  alumina 63  1=:  100.  SomeUmeaa 
little  FeO.  la  pmeent. 

Pyr.,  ato.— B.B.  infnaible.  With  oobalt  aolntion  gives  a  bine  oolor,  Kot  decomposed  bj 
acids.     Decomposed  on  losioa  with  caiutio  alkalies  and  idkaline  carbonates. 

DI£ — DiitiiigaiBhi'ig  oharacteni :  infmibilitj  ;  hardneas;  and  the  form,  being  nearlj'  that 
of  a  square  prism,  onlike  Btaurollt«. 

Obs. — Meet  common  in  argillacoons  schist,  or  other  sohisls  imperfeotlf  cryettilline ;  also  in 
gneiM,  mica  schist,  and  related  rocks.  Pound  in  Spain,  in  Andalnsia,  and  thence  the  name 
of  the  ipeeieB  ;  in  tha  Tyrot,  Liseng  vBlley  ;  in  Saxony,  at  Brdonsdorf.  and  elsewhere.  In 
Irdand.  In  Bnml.  ptoviaoe  of  Hinas  Q-eroes  (transparent).  Oommon  in  otystolline  rodcs  of 
New  England  and  Canada ;  good  crj^tals  have  been  obtained  in  Delaware  Co.,  Penn.,  atCk* 
also  in  California;  in  Uan.,  at  Sterling  {ehiatUtiU). 

FIBBOUm.    Baoholaite.    Sillimanlta. 

Orthoi'hombic.  /a  /=  96"  to  98°  in  the  smoothest  crystals ;  OBually  largei 
1  pass!       •        ■  -      '^• 
mly  k 


Crystals  commonly  long  and  slender.    Also  fibrous  or  oolamtur 
'  sometimes  radiating. 
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H.=6-7.  G.=3*2-3-3.  Lustre  vitreous,  approaching  snbadamantiiie 
Color  hair-brown,  grayish-brown,  grayish-white,  grayish-green,  pale  olive- 
green.     Streak  uncolored.     Transparent  to  translucent. 

Var. — 1.  BQUmanUe.  In  long,  Blender  cryiitals,  passing'  into  fibxcuB,  with  the  fibres  sepsr 
able.  2.  F^oUte,  Fibrons  or  fine  colnmnar,  firm  and  compact,  sometimes  radiated :  gay 
Ish- white  to  pale  brown,  and  pale  olive-green  or  greenish-gray.  BuekoizUe  and  monroaU  an 
here  included ;  the  latter  is  radiated  columnar,  and  of  the  greenish  color  mentioned. 

Comp. — i^lBiO»,  as  for  andalu8ite=  Silica  36  0,  alumina  63*1=100. 

Pyrmf  etc.— Same  as  gfiven  under  andalusite. 

Sift — ^DistinguiBhed  from  tremolite  by  its  infusibility ;  also  l^  its  brilliant  diagonal  dea? 
■ge,  in  which  imd  in  its  specific  gravity  it  differs  from  cyanite. 

Obs. — Occurs  in  gneiss,  mica  schist,  and  related  metamorphio  rocks.  In  the  Fassathsl, 
l^yrol  (bucholzite) ;  at  Bodenmais  in  Bavaria,  etc.  In  the  United  States,  at  Worcester,  Matt. 
Near  Norwich,  Conn, ;  at  Chester,  near  Saybrook  (nlUmaniUy  In  iT,  Tork^  in  Monroe, 
Orange  Co.  {monrcHiU),  In  Penn,^  at  Chester  on  the  Delaware;  in  Delaware  Ca,  eta  la 
DdawM'e^  at  Brandywine  Springs.    In  N.  Carolina,  with  oorundum. 

Fibrolite  was  much  used  for  stone  implements  in  western  Burope  in  the  "  Stone  age." 

W5RTHITB,  a  hydrous  fibrolite ;  Wbbtanits  (Sweden)  is  related  in  oompoflitloii. 


OTANITB.*  Kyanite.    Disthene. 

Triclinic.  In  flattened  prisms ;  O  rarely  observed.  Crystals  oblong, 
nsnally  very  long  and  blade  like.  Cleavage :  iri  distinct ;  «-{  less  so ;  0 
imperifect.    Also  coarsely  bladed  columnar  to  subfibrons. 

H.= 5-7*25,  the  least  on  the  lateral  planes.  G.= 3-45-5 -7.  Lustre  vit- 
reous— pearly.  Color  blue,  white,  blue  along  the  centre  of  the  blades  or 
crystals  with  white  margins ;  also  gray,  green,  black.  Streak  uncolored. 
Translucent — ti*ansparent. 

Var. — The  white  cyanite  is  sometimes  called  Bhoetmte, 

Oomp.— i\:lSiOft=rSiUca  869,  alumina  68*1=100,  like  andalusite  and  fibrolite. 

Pyr.,  etc. — Same  as  for  andalusite. 

Di£— Unlike  the  amphibde  group  of  minerals  in  its  infusibility ;  ooourrenoe  in  thin-bladed 
prisms  characteristic. 

Obs. — Occurs  principally  in  gneiss  and  mica  slate.  Found  at  St.  Gothard  in  Switzerland ; 
at  Qreiner  and  Pfltsch  in  the  Tyrol;  also  in  Styria;  Carinthia;  Bohemia.  Ini/a«.»at 
Chesterfield,  etc.  In  (7<mn.,  at  Litchfield ;  at  Oxford.  In  Vermont^  at  Thetford.  In  Paas^, 
in  Chester  Ca;  and  Delaware  Ca    in  N,  CaroUna. 


TOPAZ.* 


Orthorhombic,  /A  7  =  124^  IT,  O  A  U  =  138^  S't  iiiid  =0-90243 
:  1-8920  : 1  (9  a  1  =  134*"  25',  1 A 1,  macr.,  =  141^  0\  Crystals  usually 
hemihedra«,  the  exti*emitie8  being  unlike ;  habit  prismatic.  Cleavage: 
basal,  highly  perfect     Also  firm  columnar ;  also  granular,  coarse  or  fine, 

H.=8.  G.=3*4-3'65.  Lustre  vitreous.  Color  straw-yellow,  wine* 
yellow,  white,  grayish,  gi*eenish,  bluish,  reddish ;  pale.  Streak  uncolored 
Transparent — Bubtransiucent.     Fracture  subconchoidali  uneven.     Pyr(^ 
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electric.  Optic-axial  plane  i-i ;  divergence  very  variable,  eometimes  differ 
ing  muck  iii  diiferent  parts  of  the  same  crystal ;  bisectrix  positive,  norma, 
to  O. 
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SchnedkexuBteliL 


Oomp. — ^SiOsf  with  pazt  of  the  oxygen  replaced  by  flaorine  (Fi) ;  ratio  of  Fs :  0=1  :  5s 
fiiliooa  16*17,  alnminum  29*58,  oxygen  84*67,  fluorine  20*58=100. 

Pyr.,  etc. — B.B.  infusible.  Some  varietiee  take  a  wine-yellow  or  pink  tinge  when  heated. 
Fused  fai  the  open  tabe  with  salt  of  phoephoms  giyes  the  reaction  for  fluorine.  With  cobalt 
■olation  the  piUvenzed  mineral  giyes  a  fine  blue  on  heating.  Only  partially  attacked  by  sal* 
phorio  acid. 

Di£E. — Distingnishing  characters: — ^hardness,  greater  than  that  of  quarts;  infi««ibility ; 
perfect  basal  deavage.     B.B.  yields  fluorine. 

Obs. — Topas  occurs  in  gneiss  or  granite,  with  tourmaline,  mica,  and  beryl,  occasionally 
with  apatite,  fluorite,  and  tin  ore ;  Sso  in  taloose  rock,  as  in  Bradl,  with  eudase,  etc.,  oz 
in  mica  slate.  Fine  topazes  come  from  the  UnUs ;  Kamschatka ;  Brazil ;  in  Cairngorm, 
Aberdeenshire ;  at  the  thi  mines  of  Bohemia  and  Saxony.  Physatite  (a  coarse  yariety),  occurs 
at  Foesam,  Norway ;  also  in  Durango,  Mexico :  at  La  Paz,  proyince  of  Quanaxuato.  la  the 
United  States,  in  Cfonn,^  at  Trumbull  In  iV.  (7ar.,  at  Crowder's  Mountain.  In  Utahyin 
Tbomai^  MtSi ;  from  gold  washings  of  Oregon. 


611 


Monocliuic.     C  =  79^  44'=  0  A  i4,  /A  /=  115^  0',  <?  A 14  =  146^  45' ; 
c:i:d  =  1  02943  : 1-5446  : 1  =  1 : 1-50043  :  0*97136. 
Cleavage :  t-i  very  perfect  and  brilliant ;  Ofi-i  mnch 
less  distinet.     Found  only  in  crystals. 

H.=7*6.  G.  =3*098  (Haid.).  Lustre  vitreous,  some* 
what  pearly  on  the  cleavage-face.  Colorless,  pale  moun- 
tain-green, passing  into  blue  and  white.  Streak  un- 
coloi-ed.  Transparent ;  occasionally  subtransparent. 
Fracture  conchoidal.     Very  brittle. 


a 


u 


Oomp.-^.  ratio  for  H  :  Be  :  Al :  81=1 :  2  :  8  :  i,  forR  :  8i=8  :  2 
(H«=B,  and  SR=M\  formula,  HsBettUSi.Oi  •= Silica  41  *:90,  alumina 
85-23,  glndna  17*89,  water  619=100. 

Pyr..  etc. — In  the  dosed  tube,  when  strongly  isnited,  B.B.  giyes  off 
water  (Damour).  B.B.  in  the  f  oroeps  cracks  and  whitens,  throws  out 
points,  and  fuses  at  6*5  to  a  white  enamel.    Not  acted  on  by  adds. 

Obsr— OocvB  in  Bnudl,  at  Villa  Bioa ;  in  soathem  Ural,  near  the  riyer  Sanarka. 
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DATOZiCTXI.    Hamboldtite. 


oidal  and  globular,  having  a  columnar  structure ;  also  divergent  and  radi- 
ating ;  also  massive,  granular  to  compact. 
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BeigenHUL 


Beigen  Kill. 


AzendaL 


H.=5-5-5.  G.=2-8-3;  2-989,  Arendal,  Haidinger.  Lustre  vitreona, 
rarely  subresinous  on  a  surface  of  fracture ;  color  whit« ;  sometimes  gray- 
ish, pale-^reen,  yellow,  red,  or  amethystine,  rarely  dirty  olive-green  or 
honey-yellow.  Streak  white.  Translucent;  rarely  opaque  white.  Frac- 
ture uneven,  subconchoidal.  Brittle.  Plane  of  optic-axes  t-l;  anjifle  oi 
divergence  very  obtuse ;  bisectrix  makes  an  angle  ox  ^  with  a  normal  to  iri 

ywr.^!.  Ordinary.    In  flfTBtah,  gla«j  in  aspeot    XTsnal  forma  m  In  fignzM.    ft,  (hmfiiA 
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wuuthe.  White  opaque,  breaking  with  the  surfaoe  of  porcelain  or  Wedgewood  ware.  From 
the  L.  Superior  region.  3.  Botrycidal ;  BotryoUte.  Badiated  oolumnar,  having  a  botijoidal 
larface,  and  containing  more  water  than  the  crystals.  The  original  locality  of  both  the  GryB* 
tallizcd  and  botryoidal  was  Arendal,  Norway.  HofftarUe  is  datolite  altered  to  oholoedonj, 
from  the  Haytor  Iron  Mine,  England. 

Comp — Q.  ratio  for  H  :  Ca  :  B  :  Si=l  :  2  :  8  :  4,  like  eudase:  formula  HaOaiBtSiaOits: 
Silica  37-5, boron trioxide  21*9,  limeSS-O,  water6'6=100.  BotryoliteoontainBlO-fHp.c.  water. 

Pyr.,  etc. — In  the  closed  tube  gives  off  much  water.  B.B.  fuses  at  2  with  intumesoonoe  tc 
a  dear  glass,  coloring  the  flame  bright  green.    Gelatinises  with  hydrochloric  add. 

Dift — Distinguishing  characters  :  glassy  lustre  *  usually  complex  crystallization ;  B.B. 
fuses  easily  with  a  green  flame  ;  gelatinises  with  acids. 

Oba. — Datolite  is  found  in  trappean  rooks ;  also  in  gneiss,  dioryte,  and  serpentine ;  in  me- 
tallic veins ;  sometimes  also  in  beds  of  iron  ore.  Found  in  SooUand  ;  at  Arendal ;  at  AndreaS" 
berg ;  at  Baveno  near  Lago  Maggiore ;  at  the  Seisser  Alp,  Tyrol ;  at  Toggiana  in  Modena.  in 
serpentine.  In  good  spedmens '  at  Bearing  Brook,  near  New  Haven ;  also  at  many  otoer 
localities  in  the  trap  rocks  of  Connecticut ;  in  N.  Jersey,  at  Bergen  Hill ;  in  the  Lake  Superior 
region,  and  on  Isle  Boyale.    San  Carlos,  Inyo  Co.,  Cal.,  with  garnet  and  vesuvianite. 


TITANITU.*  Sphbnk. 


Monoclimc.  C  =  60«  17'.  =  C>  A  i-i^  IM-  113«  31^  0M-\- 159« 
39' ;  c  :  J  :  d  =  0*5^6586  : 1-3251  : 1.  Cleavage :  /  sometimes  nearly  pep. 
feet ;  iri  and  —1  much  less  so ;  rarely  (in  greenovitc]  2  easy,  —2  less  so ; 
sometimes  hemimorphic.  Twins :  t\vinning-plane  i% ;  usually  prodncinp 
thin  tables  with  a  reentering  angle  along  one  side ;  sometimes  elongated, 
as  in  f.  623.     Sometimes  massive,  compact ;  rarely  lamellar. 
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BemeUne. 


Qreenovite. 
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Ledbrite.  Bpfaithdre. 

IL=6-6-5.    Q.=8*4-3'56.    Lustre  adamantine — resinous. 


SohworcensttCa 
Coloi  brown, 


gray,  yellow,  gmen^  and  black.    Streak  white,  slightly  reddish  in  greenovite 
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Transparent— opaque.  Brittle.  Optic-axial  plane  iA  ;  bisectrix  poritive 
Tery  closely  normal  to  1-i  (x) ;  double  refraction  strong ;  ax^al  diveigence 
63»-56»  for  the  red  rays,  46*-45*  for  the  blue ;  DesCl. 

Oomp.,  Var.— Q.  ratio  for  Ca  :  Ti :  Si=l  :  2  :  2,  or  makmg  the  Ti  bado  (Ti=2B),  B :  81 
flsS  :  2 ;  formnla  (equiyalent  to  fiSiO»)  CaTiSiO»=SUioa  80*61,  titanio  oxide  40*82,  lime  28-57 
=100. 

Vur. — Ordinary,  (a)  TttanUe;  brown  to  black,  the  original  being- thus  colored,  also  opaqne 
or  sabtranslaoent.  (6)  Sphene  (named  from  ir^¥^  a  wedge) ;  of  light  shades,  as  yeUow,  green- 
iah,  eta ,  and  often  tranaiuoent ;  the  original  was  yellow.  Manganetian  ;  OreenctUe,  Bed 
or  roee-oolored,  owing  to  the  presence  of  a  little  manganese.  In  the  orystalB  there  is  a  great 
dlTerBitj  of  foxm,  arising  from  an  elongation  or  not  into  a  prism,  and  from  the  ooconenoe  of 
the  elongation  in  the  direction  of  different  ditaneters  of  the  fondamental  form. 

Pyr.,  etc. — B.B.  some  yarieties  change  color,  becoming  yeUow,  and  fnse  at  8  with  inta- 
meeoenoe,  to  a  yellow,  brown,  or  black  glass.  With  borax  they  afford  a  clear  yeUowish-green 
glass.  Imperfectly  solnble  in  heated  hydrochloric  acid ;  and  if  the  eolation  be  oonoentrsted 
along  with  tin,  it  becomes  of  a  fine  violet  color.  With  salt  of  phoephoms  in  B^F.  gives  a 
violet  bead ;  varieties  containing  much  iron  require  to  be  treated  with  the  flax  on  charcoal 
with  metallic  tin.    Completely  decomposed  by  solphorio  and  fluohydrio  acids. 

nSL — The  resinoas  lastre  is  very  characteristic ;  and  its  commonly  oooarring  wedge-shaped 
form.    B.B.  gives  a  titanium  reaction. 

Oba. — Titanite  oocars  in  imbedded  oryBtsls,  in  granite,  gneiss,  mica  schist,  syenite,  chlorite 
■bhiat^  and  granular  limestone ;  also  in  beds  of  iron  ore,  and  volcanic  rooks,  and  often  asso- 
datod  with  pyroxene,  hornblende,  cMorite,  scapolite,  zircon,  etc  Found  at  St.  Oothard,  and 
alaewhere  in  the  Alps;  in  the  protogine  of  Chamouni  (pieUte^  Sans.);  at  Ala,  Piedmont 
{Jliguriie)*  at  Arendat  in  Norway ;  at  Achmatovsk,  Urals ;  at  St.  Maroelin  Piedmont  {green- 
oviU^  Duf .) ;  at  Schwanenstein^  Tyrol ;  in  the  Untersulsbachthal  in  Pinsgau  ;  near  T^virtock ; 
near  Tromadoo,  in  North  Wales. 

Occurs  in  Oatuuia,  at  Grenville,  Elmsley,  eta  In  Maine^  at  Sanfoxd.  In  Jfoss.,  at  Bol- 
ton ;  at  Pelham.  In  JV.  York,  at  Gouvemeur ;  at  Diana,  in  dark-brown  crystals  {federite) ; 
in  Orange  Go. ;  near  Edenville ;  near  Warwick.  In  JV.  Jersey^  at  Franklin.  In  Fenn,,  Backs 
Co.,  near  Attleboro\ 

GUABIHITB.— Same  composition  as  titanite,  bnt  oithorhombio  (v.  Lang  and  Gaiaoazdi)  in 
OKyBtaliisation.     Color  yellow.    Mtw  Somma. 

KBiLHAUrrB  (Yttrotitanite). — ^Near  sphene  in  form  and  oompontion,  but  omitaining  aln* 
mina  and  yttria.    Arendal,  Norway. 

TflGHBFFKimTE. — Analogous  to  keilhauite  in  composition,  containing,  besides  titaniam, 
also  cerium  (La,Di).    Occurs  massive.    Umen  Mts. 


STAUROUm. 


Orthorhombiu.    /A  7  =  129^  20',  (?  A  l-t  =  124°  46' :  c :  J  :  dE  =  1-4406 
:  2-11233  : 1.    Cleavage :  i-i  distinct,  but  interrupted ;  2  in  traces.    Twins 
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oraciform :  twinning-plane  i-^  (f .  628) ;  fl  (£.  629) ;  and  ff  (f .  630).   Fig. 
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631  is  a  drilling  according  to  the  last  method  of  twinning,  and  in  f .  682  both 

methods  are  combined.     See  also 

p.  90  and  p.  98.     Crjstels  often  631 

with    rou^h    sm-faces.      Massive 

forms  nnobserved. 

H.=:7-7'5.  G.=3-4r-8-8.  Sub- 
vitreous,  inclining  to  i^esinons. 
Color  dark  reodish-brown  to 
brownish-black,  and  yellowish- 
brown.  Streak  nncolored  to 
grayish.  Translucent — nearly  or 
quite  opaque.  Fracture  conchoidal. 

Oomp.,  Var. — Q.  ratio,  according  to  Rammelsbeig,  for  B  :  R  :  Si=2  :  9  :  6  (where  B  is  Fe 
and  Hg,  and  also  includes  H,,  with  Hi  :  B=l  :  3).  Formula  HsBs^^oSicOti  (if  Mg  :  Fe=l  :  8) 
=Silioa  30*37,  alumina  51  02,  iron  protoxide  13*66,  magnesia  2  53,  water  1 -52=100.  The 
iron  was  first  taken  as  FeOs,  but  Mitscherlich  showed  that  it  was  really  FeO.  Staurolite 
often  indudes  impurities,  especially  free  quartz,  as  first  shown  by  Lechartier,  and  since  then 
tqr  Fischer,  Lasaulz,  and  Etammelsberg.  This  is  the  cause  of  the  variation  in  the  amount  of 
■Qica  appearing  in  most  analyses,  there  being  sometimes  as  much  as  50  p.  c. 

Pyr.,  etc. — B.B.  infusible,  excepting  the  manganesian  variety,  which  fuses  easily  to  a  black 
magnetic  glass.  With  the  fluxes  gives  reactions  for  iron,  and  sometimes  for  manganese. 
Imperfectly  decomposed  by  sulphuric  acid. 

jyUL — Always  in  crystals ;  the  pnsms  obtuse,  having  an  angle  of  120<>. 

Obs. — ^Usually  found  in  mica  schist,  argiUaoeous  schist,  and  gneiss ;  often  associated  with 
garnet,  <7anite,  and  tourmaline.  Occurs  with  cyanite  in  paragonite  schist,  at  Mt  Gampione, 
Switzerhuod ;  at  the  Qreiner  mountain,  and  elsewhere  in  the  Tyrol ;  in  Brittany ;  in  Ireland. 
Alinndant  throughout  the  mica  slate  of  New  England.  In  Maine^  at  Windham,  and  elsewhere. 
Ir  2£au.y  at  Chesterfield,  etc.    In  Penn,    In  Georgia^  at  Oanton ;  and  in  Fannin  Co. 

ScsoBiiOMiTE.— Q.  ratio  for  Ca+Fe+Ti :  Si=2  :  1,  nearly.  Analysis  by  Bamm.,  Arkan- 
Mi,  8iOs  26*09,  TiO,  21*»4,  FeO.  2011,  FeO  1*57,  CaO  29*38,  MgO  1*36=99*85.  Color  ,Uaak. 
Fracture  oonohoidaL    Magnet  Cove,  Arkansas ;  Kaiserstuhlgebirge  iu  Breisgau. 


HYDROUS   SILICATES. 


L  Genkbal  Section.    A.  Bisilioates. 


PBOTOZJTXI. 

Monoclinic,  i8omoi*phou8  with  woUastonite,  Greg.  Cleavage :  i-i  (orthoo.^ 
perfect  Twins :  twinning-plane  i-i.  Usually  in  close  aggregations  of  aoi- 
cular  crystals.    Fibrous  massive,  radiated  to  stellate. 

H.=5.  G.=2*68-2-78,  Lustre  of  the  surface  of  fracture  silky  or  sub- 
vitreous.  Color  whitish  or  grayish.  Sub  translucent  to  opaque.  Tough. 
For  Bergen  mineral  optic-axial  plane  parallel  to  orthodiagonal,  and  very 
nearly  normal  to  i-i ;  acute  bisectrix  positive,  parallel  to  oithodiagonal,  and 
obtuse  bisectrix  nearly  normal  to  cleavage-plane  or  iri ;  axial  angle  in  oil, 
through  cleavage-plates,  143°-145° ;  DesCl. 

Var. — Almost  always  columnar  or  fibrous,  and  diveigent,  ihe  fibres  often  2  or  3  inches  long, 
and  sometimes,  as  in  Ayrshire,  Scotland,  a  yard.  Besembles  in  aspect  fibrous  yarleties  Z\ 
natrolite,  okenite,  thomsonite,  tremolite,  and  woUaatonite. 
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Oomp.— Q.  ratio  for  H  :  Na  :  Oa  :  Si=l :  1 :  4  :  12,  and  for  B  :  Si  (where  B  indades  Ga^ 
and  Hs,Kas)=l  :  2,  like  wollastonite ;  hence  formula  HNaOasSisO«= Silica  64*2,  lime  88*8, 
soda  9'8,  water  2-7=100.  If  the  H  does  not  belong  with  the  bases,  then  the  formula  may  be 
(Bamm. )  NaaOaiSioOi i  +aq. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  foses  at  2  to  a  white  omameL  Gela- 
tinizes with  hydrochloric  acid.     Often  gives  oat  a  light  when  broken  in  the  dark. 

Obs. — Occurs  mostly  in  trap  and  related  rocks,  in  cavities  or  seams ;  occasionally  in  meta- 
morphic  rocks.  Found  in  Scotland,  near  Edinburgh ;  in  Ayrshire ;  and  at  Taliver,  etc.,  I. 
Skye;  at  Mt  Baldo  and  Mt  Monzoni  in  the  Tyrol ;  in  Wermland ;  at  Bergen  Hill,  N.  J. : 
oompact  at  Isle  Boyale,  L.  Superior. 


Monocliiiic. 


ULUMOVTITB.    Caporciamte. 

(7=68^40', /A  7=  86M6',  C>Al-i  =  15r  9';  6:b:d=: 
0-516  :  0*8727  : 1.  Prism  with  very  oblique  terminal  plane 
2-i,  the  moet  common  form.  Cleavage :  i4  and  /perfect; 
iri  imperfect.  Twins :  twinning-plane  i-i.  Also  columnar, 
radiating  or  divergent. 

H.=3*5-4r.  G.=2-25-2-86.  Lustre  vitreous,  ineliDing 
to  pearly  upon  the  faces  of  cleavage.  Color  white,  passinff 
into  yellow  or  gray,  sometimes  red.  Streak  uncolored. 
Transparent — translucent;  becoming  opaque  and  usually 
pulverulent  on  exposure.  Fracture  scarcely  observable, 
uneven.  Not  very  brittle.  Double  refraction  weak ;  optic- 
axial  plane  il]  divergence  52°  24'  for  the  red  rays;  bisec- 
trix ne^tive,  making  an  angle  of  20°  to  25°  with  a  normal 
to  i-i ;  jDesCl. 

Oomp.— Q.  ratio  for  B  :  ft  :  Si :  H-1  :  3  :  8  :  4 ;  and  R  :  Si=l  :  2  (3R=H).  B=Ga,  B 
=Al,  and  the  formula  is  hence  GaMSi40ii+4aq=  Silica  60*0,  alamina  21*8,  lime  11*9,  witer 
16-8=100. 

Pyr.,  etc. — ^Loses  part  of  ita  water  over  snlphorlc  acid,  bnt  a  red  heat  Is  needed  to  drire 
off  aU.  B.B.  swells  up  and  fuses  at  2*7-3  to  a  white  enamel.  Gelatinizes  with  hjdrocblorio 
add. 

Obs. — Laumontite  occurs  in  the  cavities  of  trap  or  amy^^rdaloid ;  also  in  porphyry  and  sje 
nite,  and  occasionally  in  veins  traversing  clay  slate  with  calcite.    Its  principal  localities  are 
at  the  Faroe  Islands ;  Disko  in  Greenland  ;  in  Bohemia,  at  Eule  ;  St.  Gothard  in  Switser- 
land  ;  the  Fassathal ;  the  Eilpatrick  hiUs,  near  Glattgow.    Nova  Scotia  affords  fine  specimens ; 
also  Lake  Superior,  in  the  copper  region,  and  on  I.  Boyale ;  also  Bergen  Hill.  N.  J. 

Okrnitb. — Formula  H'iOaSiaOa+aq.  having  half  the  water  basic = Silica  56*6,  lime3n'4f 
water  17-0=100.     Commonly  fibrous.     Color  white,     Faroe  Is.;  Disco^  Greenland;  loeUmd. 

Gtrolitb.— Occurs  in  radiated  oonclretions  at  the  Isle  of  Skye;  Nova  Scotia.  Formula 
perhaps  HaCaaSiaOs+aq.  Centrallassttb.  Belated  to  okenite,  but  oontains  1  molecal« 
more  water.    In  trap  of  Nova  Scotia. 


OHRTSOCOLLA.*  Kieselkupfer,  Oerm. 

Cryptocrystalline ;  often  opal-like  or  enamel-like  in  texture;  earthy. 
Incrusting,  or  filling  seams.     Sometimes  botryoidal. 

H.=2-^.  G.=2-2-238.  Lustre  vitreous,  shining,  earthy.  Color  monn- 
tain-green,  bluish-green,  passing  into  sky-blue  and  tui-guois-blue ;  brown  (o 
black  when  impure,  otreak,  when  pure,  white.  Translucent — opaqno. 
Fracture  conchoidal.    Eather  sectile ;  translucent  varieties  brittle. 
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Oomp* — Gomponltion  Tariea  maoh  througli  impurities,  as  with  other  amorphous  substanoes, 
nralting  from  alteration.  As  the  silica  has  been  derived  from  the  deoomposition  of  othei 
nlicateii,  it  is  natural  that  an  excess  should  appear  in  many  analyses.  True  chrysocolla  cor- 
responds  to  the  Q.  ratio  f or  Cu  :  Si  :  H,  1:2:  2=GuSiOs+2aq= Silica  34*2,  copper  oxide 
45*8,  water  20 '5 =100.  But  some  analyses  afford  1:2:3,  and  1:2:4.  Impure  chrysocolla 
may  oontaiu,  besides  free  silica,  various  other  impurities,  the  color  varying  from  bluish-green 
to  brown  and  black,  the  last  especially  when  manganese  or  copper  is  present. 

Pyr.,  etc — In  the  closed  tube  blackens  and  yields  water.  B.B.  decrepitates,  colors  the 
flame  emerald-groen,  but  is  infusible.  With  the  fluxes  gives  the  reactions  for  copper.  With 
soda  and  charcoal  a  globule  of  metallic  copper.    Decomposed  by  acids  without  gelatinizatioiL 

I>iflL — Color  more  bluish-green  than  that  of  malachite,  and  it  does  not  effervesce  with 
adds. 

ObB* — Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  veino. 
Focind  in  most  copper  mines  in  Cornwall ;  at  Libethen  in  Hungary ;  at  Falkenstein  and 
Sehwats  in  the  Tyrol ;  in  Siberia ;  the  Bannat ;  Thuringia ;  Schneeberg,  Saxony ;  Kupfer* 
beiig,  Bavaria;  South  Australia ;  Chili,  etc.  In  Somerville  and  Schuyler^s  mines,  New  Jersey  s 
at  Mofrgantown,  Pa. ;  at  Cornwall,  Lebanon  Co. ;  Nova  Scotia,  at  the  Basin  of  Mines ;  ako 
in  Wisconain  and  Michigan. 

Dkjodoffitb  ;  Ctakochalcite  ;  Bebanite;  near  chrysocolla. 

GATAPLBIITB.~-Aualysis  (Bamm.),  SiOa  39*78,  ZrOa  40*12,  CaO  3*45,  Na,0  7-69,  HsO  9*^ 
e  100 '18.    HexagonaL     Color  yellowish-brown,    Lamoe,  near  Brevig,  Norway. 
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OAZJUaiNB.    Qalmei;   Kieselzinkers,  Germ, 

Oi'thorhombic ;   hemimorphic-hemihedral.     /A/ =104®  13',  OaIAss 
148®  31',  Daubar ;  i:i:d=0  6124  :  1-2850  : 1.     Cleav- 
age:   /,  perfect;  (?,  in  traces.     Also  stalacti tic,  mammil- 
lated,  botryoidal,  and  fibrous  forms;   also  massive  and 
granular. 

H.=4*5-5,  the  latter  when  crystallized.  G.=3*16-3'9. 
Lnstre  vitreous,  O  subpearly,  sometimes  adamantine.  Color 
white ;  sometimes  with  a  delicate  bluish  or  greenish  sliade ; 
also  yellowish  to  brown.  Streak  wliite.  "Tranaparent — 
translucent.     Fracture  uneven.     Brittle.     Pyroelectric. 

Oomp.— Q.  ratio  for  R  :  Si :  H=l  :  1  :  i  ;  ZnaSi04H-aq=  Silica  25  0, 
sioc  oxide  67*5,  water  7*5=100. 

P3nr.,  etc. — In  tbe  closed  tube  decrepitates,  whitens,  and  i^ves  ofP 
water.  B.B.  almoal  infusible  (F.=6);  moistened  with  oobalt  solution 
gives  a  green  color  when  heated.  On  charcoal  with  soda  g^ves  a  coating  which  is  yellow  while 
hot,  and  white  on  cooling.  Moistened  with  oobalt  solution,  and  heated  in  O.F.,  this  coating 
assumes  a  bright  green  color.  Oelatinizes  with  acids  even  when  previously  ignited.  Decom- 
posed by  acetic  acid  with  gelatinization.     Soluble  in  a  strong  solution  of  caustic  potash. 

JHfL — Distinguishing  characters :  gelatinizing  with  acids ;   inf usibility ;  reaction  for  zina 

Obs. — Calamine  and  smithsonite  are  usually  found  associated  in  veins  or  beds  in  stratified 
calcareous  rocks  accompanying  blende,  ores  of  iron,  and  lead,  as  at  Aix  la  Ghapelle ;  Bleiberg 
in  Carinthia ;  Retzbanya  ;  Schemnitz.  At  Soughten  Gill  in  Cumberland  ;  at  Alston  Moor; 
near  Matlock  in  Derbyshire ;  at  Castieton  ;  Leadhills,  Scotland. 

In  the  United  States  occurs  with  smithsonite  in  Jefferson  county,  Missouri.  At  Stirling 
Hilly  N.  J.  In  Pennsylvania,  at  the  Perkiomen  and  Phenixville  lead  mines ;  at  Bethlehem ; 
ftt  ^riedensville.    Abundant  in  Virginia,  at  Austin's  mines. 
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Orthoriiombic.  7 A  7=  99^56',  O  A 14  =  146^  11  J';  ^ :  J :  4  =  0-661)f53 
:  1*19035  : 1.  Cleavage :  basal,  distinct  Tabular  ciTBtals  often  united  b; 
O^  making  broken  forms,  often  barrel-shaped.  Usuafly  reniform,  globular, 
and  Btalactitic  with  a  crystalline  surface.  Structure  imperfectly  columnar 
or  lamellar,  strongly  coherent ;  also  compact  granular  or  impalpable. 

H.=6-6'5.  G.=2-8-2-953.  Lustre  vitreous;  O  weak  pearly.  Color 
light  green,  oil-green,  passing  into  white  and  gray  ;  often  fadhig  on  expo- 
sure. Subtransparent-— translucent ;  streak  uucolored.  Fracture  uneveiu 
Somewhat  brittle. 

Oomp. — Q.  zatio  f or  B  :  fi  :  8i  :  H=2  :  8  :  6  : 1,  whence,  if  the  water  is  bttsic,  for  buei 
and  silicon,  1:1:  formula  HsOstiySiiOii  or  Oas:MSi«Oii+aq=Saica  43-6,  alumina  24*9, 
Ume  27-1,  water  4*4=100. 

Pjrr.,  etc. — In  the  closed  tabe  yields  water.  B.  B.  fnses  at  2  with  intomescence  to  a  blebby 
enamel-like  glass.  Decomposed  by  hydrochloric  add  without  gelatmimig.  (JouphotiU^  whidi 
often  contains  dust  or  vegetable  matter,  blackens  and  emits  a  burnt  odor. 

Di£ — B.  B.  fuses  readily,  unlike  beryl  and  chalcedony.  Its  hardness  is  greater  than  that  (i 
thezeoUtes. 

Obs. — Occurs  in  granite,  gneiss,  syenite,  dioryte,  and  trappean  rocks  espeoiaUy  the  last 
At  Bourg  d'Oisans  in  Isdre ;  in  the  Fassathal,  Tyrol ;  Ala  in  Piedmont ;  Joachimsthal  io 
Bohemia ;  near  Andreasberg ;  Arendal,  Norway ;  .^olf urs  in  Sweden ;  in  Dumbartonshire ; 
in  Benfrewshire. 

In  the  United  States,  in  Connecticut;  Bergen  Hill,  N.  J.;  on  north  shore  of  Lake  Superior ; 
in  large  veins  in  the  Lietke  Superior  copper  region. 

CHLOBASTBOLrrE  and  Zonochlobitb  from  Lake  Superior  are  mixtures,  as  shown  by 
Hawea 

YiiiLAKBiTE . — Probably  an  altered  chrysoUte.  Formula  BsSiOi  4-iaq  (or  Hq)  B=Mg  :  Fa 
=sll  :  1.     TraverseUa. 

CERrrE,  Sweden,  and  TRrroMTTE,  Norway,  contain  cerium,  lanthanum,  and  didymiun. 
Thorite  and  Oranoitb  contain  thorium     Norway. 

Parathoritb. — In  minute  orthorhombic  crystals,  imbedded  in  danburite  at  Danborj,  (X 
Chemical  nature  unknown. 

Pyhosmalitb.— Analysis  by  Ludwig,  SiO.  84*66,  FeO  27-05,  MnO  25-60,  GaO  0*52,  HgO 
0*93,  HsO  8-31,  Gl  4*88=  101-85.  In  hexagonal  tables.  Color  blackish-green.  Nya-Koppoi- 
berg,  etc.,  Sweden. 

APOPH7IJJTB.* 


Tetragonal. 


O  A  1-i  =  128°  38';  c  =  1-2515. 
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Crystals  sometimes  Bearlv 
cylindrical  or  barrel- 
shaped.  Twins:  twin- 
ning-plane  the  octahe- 
dron 1.  Cleavage:  0 
highly  perfect;  /  less 
so.  Also  massive  and 
lamellar. 

H.=4:'5-5.  G.=2-3- 
2-4.  Lustre  of  O  pearly; 
of  the  other  faces  vitre- 
ous. Color  white,  or 
grayish ;  occasionally 
with  a  greenish,  yelluw* 
ish,  or  rose-red  tint,  flesh 


red.     Streak  uncolored.    Transparent ;  rarely  opaque.    Brittle. 
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Oomp. — Q  ratio  for  B  :  Si :  H  usually  taken  as  1  :  4  :  2,  part  of  the  oxygen  replacied  by 
laorine  (F^).  Aocording  to  Rammelsberg  the  ratio  ia  9  :  82  :  10  ;  he  writes  the  formula 
i(H,GaSi,0.+aq)+KF.  This  requires  :  SlHca  52*97,  lime  24*72,  potash  5*20,  water  15*90, 
flnorine  2'10=100'89.  It  may  be  taken  aa  a  nnisiiicate  if  part  of  the  silica  is  oonsidere<) 
■ooeflBOxy. 

Pyr.,  etc. — In  the  closed  tube  exfoliates,  whiteca,  and  yields  water,  which  reacts  acid.  In 
the  open  tnbe,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaction.  B.  B.  exfoliates, 
oolorB  the  flame  violet  (potash),  and  fuses  to  a  white  vesioular  enamel.  F.  =l'o.  Decom- 
posed by  hydrochloric  add,  with  separation  of  slimy  silica. 

X>i& — Distinguishing  characters :  its  oocuirence  in  squaire  prisms ;  its  perfect  basal  cleav- 
age, and  pearly  lustre  on  the  base.  ^ 

Oba. — Occurs  commonly  in  amygdaloid  and  related  rocks,  with  various  zeolites ;  also  ooca- 
sionally  in  cavities  in  granite,  gneiss,  etc.  Greenland,  Iceland,  the  FarOe  Islands,  Andreas- 
ber^g,  tne  Syhadree  Mountains  in  Bombay,  afford  fine  specimens.  In  America,  found  in 
Nova  Scotia ;  Bergen  Hill,  N.  J.;  the  Cliff  mine.  Lake  Superior  region. 

GHALGOMORFurrE  (o.  Rath)^  from  limestone  inclosures  in  the  lava  of  Niedermendig. 
Hexagonal.     Essentially  an  hydrous  calcium  silicate. 

Edinotonitb.— Analysis  by  Heddle,  SiO,  36-98,  t^IOs  22*68,  BaO  26*84,  CaO  tr,  Na^O  tr., 
HsO  12-46=98-91.    Tetragonal.     Dumbarton,  ScotUmd. 

GiBHONDiTB.— Analysis,  Marignac,  SiOa  85*88,  3^0.  27*23,  CaO  13*12,  Ka02-a5,  H)0 21*10 
=100'18.     Capo  di  Bove,  near  Rome  ;  Baumgarten,  near  Giessen,  eta 

Cabpholitb. — In  radiated  tufts  in  the  tin  mines  of  Schlackenwald ;  Wippra  in  the  Hans, 
mostly  in  aesquioxide  state  (iii,Mn,Fe). 


SUBSILIOATES. 


AmorphonB.  In  incrnstations,  nsnally  thin,  with  a  matnmillary  surface, 
and  hyaute-like ;  Bometiines  stalactitic.     Occasionally  almost  pulverulent. 

H.=8.  Q.=l*85-l-89.  Lustre  vitreous  to  subresinous;  bright  and 
waxy  internally.  Color  pale  sky-blue,  sometimes  ffreenish  to  deep  crreen, 
brown,  yellow,  or  colorless.  Streak  uncolored.  Translucent  Fracture 
imperfectly  conchoidal  and  shining,  to  earthy.    Very  brittle. 

Oomp.— Q.  ratio  for  Al :  Si :  H,  mo8t(f=3  :  8  :  6  (or  5) ;  AlSiOt+Aaq,  or  :^lSi06+5aq=: 
Silica  23-75,  alumina  40*62,  water  35*03=:  100.  PhimlHjUophaTiej  from  Sardinia,  contains  « 
little  lead. 

The  coloring  matter  of  the  hlue  variety  is  due  to  traces  of  chrysocoUa,  the  green  to  mala- 
ohite,  and  that  of  the  yellowish  and  brown  to  iron. 

PjT.,  etc. — ^Yields  much  water  in  the  closed  tube.  6.B.  crumbles,  but  is  infusible.  Oivei 
a  blue  oolor  with  cobalt  solution.     Gelatinizes  with  hydrochloric  acid. 

Obs. — ^AUophane  is  regarded  as  a  result  of  the  decomposition  of  some  aluminous  silicate 
(feldspar,  etc.)  j  and  it  often  occurs  incrusting  fissures  or  cavities  in  mines.  especiaUy  those 
of  oopper  and  limonite,  and  even  in  beds  of  coal  Found  at  Schneeberg  in  Saxonj  ;  at  Geni- 
beeh  ;  at  the  Chessy  copper  mine,  near  Lyons;  near  Woolwich,  in  Kent,  England.  In  the 
U.  8.  it  occurs  at  Richmond,  Mass.;  at  the  Friedensville  zinc  mines.  Pa.,  etc. 

CoLLTBrrB. — A  hydrous  silicate  of  aluminum.  Clay-like  in  structure,  white.  Horoi 
England;  Schemnits. 

UBAHOFHANB,  fiom  Silefia,  and  Ubakotilb  ,  from  Wolaendorf ,  Bavaria,  are  silioates  ooa 
teining  uranium. 


OBSCSIPTIVE  IBSERiLOOT. 


IL  ZKoura:  Siocnoir. 

^BOMBONITS.    Oomptonh^ 

/A  /=  90"  40' ;  C  A  1-t  =:  144°  J' ;  i:l:d  =0-72^5  : 
1'0117  : 1.  Cleavage:  i-i  easily  obtained;  i-{  lessee; 
O  in  traces.  Twins:  eruciform,  having  the  vertical 
axis  in  common.-  Also  columnar,  strnctare  radiated; 
in  radiated  epberical  conci'Ctious ;  alao  amorphous  and 
compact, 

K=5-5-5.  G.-2-3-2-4.  Viti-eons,  more  or  leas 
pearly.  Snow-white ;  impure  varieties  brown.  Streak 
iincolored.  Transparent — translucent.  Fracture  uneven. 
Brittle.  Pyroeleetric,  Double  i-efraction  weak;  optic- 
axial  plane  parallel  to  O;  bisectrix  p(»itivc,  normal 
to  iri;  divergence  gS^-SSj"  for  red  rays,  from  Dumbarton  ;  DeeCL 

Vbt. — Ordinary,  (a)  In  regular  srfgt&lB;  usoallr  more  oc  lesa  rectaDgoUt  in  oaUine.  {b] 
Tn  slender  prisms,  often  veaonlar  to  radiated,  (c)  Radiated  fibroni.  (d)  Bpherioal  concn- 
U0I13,  oonHJBting  of  radiated  &bre«  or  glender  crystals.  («)  Haasiva,  granular  to  impidpable, 
■nd  white  te  radish-brown.     OtarldU  is  matsiTe  thomsooite ;  raaiU  (Korway)  is  rrlated. 

Oomp,— Q.  ratio  for  Ii(=Ca,Ka,)  :  fl(AI) :  Bi  :  H=)  :  3  :  4  :  21,  Ca  :  Ifa,=2  :  1,  or  8  ;  1  ; 
formQla  3(Ca,Nii,)MSi,0.-*-5aq,  Analjsis,  Bammelaberg,  Dumbarton,  SiO.  38-OS,  lUOi 
31-68,  CaO  13-eO,  N»,0  463,  H,0  13-40=100-20. 

Pyr.,  etc, — At  a  red  heat  losna  13 '3  p.  o.  of  water,  and  the  mineral  beoomea  fosedto* 
white  enamel.  B.B.  fuses  with  intnmeaoenoi)  at  2  to  a  white  enamel  Qelatiniitt  witb 
hydzoohloiio  aoid. 

Obi. — Fonnd  in  cavitiee  in  lava  and  other  igneona  roclca  ■  and  alao  in  lome  metanioipluc 
Todb^  with  elteolite.  Ooonra  near  Kilpatriok,  £x>Uand  ;  in  the  lavas  of  &OiamA{eomptotuU); 
Va  Bohemia ;  ia  Bidl;  ;  in  Faio« ;  the  TttoI,  at  Theiaa ;  at  Hontoni,  Faaaathal ;  at  Petar'i 
Ftint,  Nova  Bootia ;  at  Magnet  Cove,  Arkauaaa  (otarkite). 


KATBXiUni.    HeaotTpe.    NadeliaoUth,  Germ. 

rthorhombie.      lM=n°,    (9A  1-t  =  144"   23';   c  :  2  :  <l  =  0-35825 : 
1*0176  : 1.     Crystals  usually  eleuder,  often  aciunlar ;  fre- 
MO  qnently  interlacing  ;  divergent,  or  stellate.     Alao  fibrous, 

radiating,  raaesive,  granular,  or  compact. 

H.=5-5-5,  G.=2-17-^2-25 :  2-249,  Bei^n  ILll, 
Brush.  Lustre  vitreous,  sometimes  inclining  to  peaily, 
esiwcially  in  fibrous  varieties.  Color  white,  or  coforleM; 
also  grayish,  yellowish,  i-eddishtored.  Sti-eak  nucolored. 
Transparent — translucent.  Doable  refraction  weak ;  op- 
tic-axial plane  i-i;  bisectrix  positive,  ^tarallel  to  edge 
I/I',  axial  divergence  94''-96'',  red  rays,  for  AnTei;gne 
crystals ;  95°  12'  for  brevicite ;  DesCl. 

Oomp,~Q.  ratio  for  R  :  R  :  Si  :  H=l  :  3  :  6  :  8;  and  for  B  :  Bi= 
S  :  n(E=Na,.8R=R) ;  foimnla  Ifa,AlSi|0,,+2aq=&ilioa  4739,  alumina  2646,  sods  lli'SO, 
water  S4G  =  100, 

Pyr.,  etc, — ^the  oloaed  tube  loses  water,  whitens  and  beoomea  opaqne.  B,B.  fuaeaqoiftl] 
at  B  te  a  ooloileaa  glaaa,  Fuaible  in  the  lame  of  an  ordinary  atearine  or  wax  oaitdle.  Gels 
Hiriifw  with  aoida. 
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e  varietleB  K«emb!e  peotolite,  thomsonito.  bat  dUtin^nislied  B.B. 

Obi. — Oocim  in  cavitiea  in  amjgdiiloidal  trap,  basalt,  and  other  if^aoiu  rocks ;  and  soma* 

titarm  in  seams  In  granite,  gneiss,  and  njenite.     lb  ia  found  in  Bohemia ;  in  AnTorfrna  ;  Fossa- 

(b^  lyrol ;  E&pnik ;  at  Qlen  Fug  in  Fifeehire ;  in  Dnrobartonshire.     In  tiorih  Amerioft, 

•ooaiB  in  the  tjrap  ot  Nova  Sootia ;  at  Beigen  Hill,  N.  J. ;  at  Copper  Falls,  Lake  Snperitw. 


BOOUiami.    Foouahlite. 

Jfonocliiiic.     C=89''6', /A/=91''36',  (?  A  l-i  =  161"  16i' ;  c:b:a 
=  0-3485  : 1-0282  :  1.     Crjstala  long  or  short  prismB,  or 
acicalar,  rarely  well  terminated,  and  always  compound.  **l 

Twins;  twinning-plaiie  i-t.     Cleavage:  /nearly  perfect. 
Alec  in  nodules  or  niassire ;  librons  aad  radiated. 

H.=5-5-5.  G.  =  2-16-2-4.  Lustre  vitreous,  or  silky 
when  tibrouB.  Transparent  to  subtranslncient.  Pyro- 
electric,  the  free  end  of  the  crystals  the  antilogiie  pole. 
Double  refraction  weak  ;  optic-axial  plane  normal  to  i-t ; 
divereence  53°  41',  for  the  i-ed  rays ;  bisectrix  negative, 
parallel  to  t-i ;  plane  of  the  axis  of  the  red  rays  and  their 
bisectrix  inclined  about  17°  8'  to  i-i,  and  93"  3'  to  1-i. 

Oonp.— Q.  Tatio  for  B  :  R  :  Si  :  H=l  :  8  :  6  :  S  ;  forB(8B=R)  :  &i=3  :  8,  as  in  natiolite ; 
B=Ga,It=A];  foimaU  OaiU3iiO,.+Saq==fliUoa  45-85,  alumina  2U'I3,  lime  1429,  water 
I3-7»=I00. 

Pjrr.,  etc.— B.a  iometimea  cnrla  np  like  a,  worm  (whence  the  name  from  aicuKtit,  a  uxntn. 
whi^  gives  seoUeite,  and  not  teolaite  or  seoleaU)  ;  other  varieties  intmnesoe  bat  slightl;,  and 
■11  fnso  at  %-%■%  to  a  white  blebbf  eoameL     Gelatinizes  with  acids  like  natrolite. 

Dl£ — CharacteriEed  by  its  pTrognostics. 

Obs,~-Oocars  in  the  Beraaord,  Iceland ;  also  at  Stoffa  ;  in  Bkye,  at  Talisker ;  near  Poooah, 
Ilindostan  (Pooaaldiie)  ■.  in  Greenland ;  at  FarKsa,  Finland,  eta. 

Hesolitb.— <Ca,tfa,)-^lSiiOi.+3aq(Sp.a  NaiO).    Near scolecits.    loeland :  NovaSootu. 

LBTmrrE.— BhombohadraL  Q.  ratio  forB  :  K  :  Si  :  H=l  .8:6:4.  An^ysis,  Damonr, 
loelond,  SiO,  40-76,  ALO.  28'5B,  CoO  10  97,  Na,0  1 '30,  E.O  194,  H,0  17-88  =  100-22.  Im- 
land  :  Faroe  ;  loeland. 


ANALonxr.* 

Tsometric (1) .  Uanally  in  trapezohedrone  {f,  54,  p.  18).  Cleavage; 
cnldc,  in  traces.     Also  massive  granular, 

n.=5-5-5.  G.=2-22-2-29 ;  2-278,  Thomson.  Lustre  vitreous.  Color- 
lees;  white;  occasionally  grayish,  greenish,  yellowisli,  or  reddish-white. 
Streak  white.  Transparent — neaily  opaque.  Fracture  subcnnchoidal, 
anewn.     Brittle. 

Oomp.— ().  ratio  forB:  R  :  Si:H=l':  8:8:2,  B=:Na„  R=:A^1=8B;  B:  S<=1  :%.  Vat 

mnl>Na,Al»i,0„  +  2aq=3mca  04-47,  alamin»33'39,  soda  14-07,  water  8'17=100. 

Ffr.,  ato. — Yields  water  in  the  dosed  tabs.  B.B.  fuses  at  2-G(OBColorleBS  glan.  Qelati* 
■iaea  with  hydroohlorio  aoid. 

DlS, — Diidjngoiiibli^  characters ;  ci;staUine  form ;  absence  of  eleavage  ;  f  anon  B,  R  tnCh- 
mU  InttuaeAcenoe  to  a  clear  gUsa  (onlike  chabaiite). 

OIm^— Some  localities  are  :  the  Tjrol ;  the  Kilpatnok  Hills  in  Scotland ;  the  FarSe  Islands ; 
foland;  Anndg,   Bohemia;  Nova  Sootia ;    BeiKon  Hill,  2few  Jeisey;   the  Lake  Supedoi 

Schraot  has  found  that  the  analcite  ot  riieueok,  Bohemia,  Is  properly  tetragntt^;  tlM 
simplest  Qiystals  ahowinf  evidence  of  repeated  twmning. 
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Faujabite. — An  octahedral  zeolite  from  tbe  KaiserBtulilgebizsa.    AnalTsiB,  Damonr, 
4612,  AlO,  16-81,  OaO  479,  NaaO  509,  H,0  27-02=99-88. 

EUDNOPUITR.    Near  analcite.    In  syenite  near  Brevig,  Norway. 

PiLlNiTE.  ^In  slender  needles  (orthorhombic) ;  white ;  lustre  silky.  Analysis  SiOa  55'7d, 
A10,(FeOs)  18-64,  GaO  19.51,  Li,0  (118),  H2O  4-97=100.  In  granite  of  Btriegao,  SUeos 
[Loiauix). 


Rhombohedral.  if  A  JB  =  94^  46',  (9  A  5  =  129°  15';c  =  1-06.  Twins : 
twinning-plane  Oj  very  cominon,  and  iisnallv  in  compound  twins,  as  in 
f.  644 ;  a^  J2,  rare.    Oleavage  rhombohedral,  rather  distinct. 

642  648  644 


Haydenifee.  ^Ax^ 

H.=4r-6.  G.=2-08-2'19.  Lnstre  vitreons.  Color  white,  flesh-red; 
streak  nncolored.  Transparent — transhicent.  Fracture  uneven.  Brittle. 
Double  refraction  weak ;  in  polarized  light,  imas^es  rather  confused ;  axis 
in  some  crx'stals  (Bohemia)  negative,  in  others  (from  Andreasberg)  posi- 
tive ;  DesCl. 

Var. — 1,  Ordinary.  The  most  common  form  is  the  fmidamental  rhombohedron,  m  which 
the  angle  is  so  near  90**  that  the  oiystals  were  at  first  mistaken  for  cnbea.  AeadiaUU,  from 
Nova  Scotia  (Aeadia  of  the  French  of  last  contniy),  is  only  a  reddish  ohabazite  ;  somettmea 
nearly  oolorlees.  In  some  specimens  the  coloring  matter  is  arranged  in  a  tesselated  maimsr, 
or  in  layers,  with  the  angles  almost  colorless.  2.  PJiaeotUe  is  a  colorless  variety  oocorring  in 
twins  of  mostly  a  hexagonal  form,  and  often  much  modified  so  as  to  be  lenticular  in  slupe 
(whence  the  name,  from  ^cw^f,  a  bean) ;  the  original  was  from  Leipa  in  Bohemia;  Bf^R 
=94°  24',  fr.  Oberstein,  Breith. 

Oomp.— Making  part  of  the  water  basic  (at  800^  G.  loses  17-19  p.  c.)  Rammelsbeig  writes 
the  formula  (H,K)iGai^lSi6Oi>+0aq,  where  the  Q.  ratio  for  R  :  R  :  Bi=:2  :  8  :  10,  Bt=Hi,N»i, 
Oa:  or  (8B=fi),  B  :  Si=l  :  2.  The  formula  coiiesponds  to  Silica  50*50,  alumina  17'26,  hmo 
9-48,  potash  1-98,  water  20'83=100. 

Pyr.,  etc. — B.B.  intumesces  and  fuses  to  a  blebby  glass,  nearly  oi)aqne.  Decomposed  by 
hydrochloric  add.  with  separation  of  slimy  silica. 

DifiCi — Its  rhombohedral  form,  resembling  a  cube,  is  characteristic ;  is  harder,  and  does  not 
ofFervesce  with  acids  like  caldte ;  is  unlike  fluorite  in  cleavage ;  fuses  B.B.  with  intnmet* 
eonoe  to  a  blebby  glass,  unlike  analdte. 

Obs. — Chabasite  occurs  mostly  in  trap,  basalt,  or  amygdaloid,  and  oocanionally  in  gnsi«i 
syenite,  mica  schist,  homblendio  schist.  At  the  Faroe  liriands,  Greenland,  and  Iceland ;  at 
Aussig  in  Bohemia ;  Striegau,  Silesia.  In  Nova  Scotia,  wine-yellow  or  flesh-red  (Uie  lasttitf 
acadiaUte),  etc.;  at  Bergen  Hill,  N.  J.;  at  Joneses  Falls,  near  Baltimore  {ha$fdenite). 

SBEBACHrrs  {Bauer)  from  Bichmond,  Victoria,  is,  according  to  v.  Bath,  identical  witb 
phaeoUU ;  and  h#  suggests  the  same  ifiay  be  true  of  H£B8CHELrra,  from  Ad  GastellOi  Sioi^< 
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0.  Blomidon,  eta 
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Khombohedral.  IiAjS  =  IW  26',  (?  A  5  =  O  A-1  =  140'  8' ;  i 
0*7254.  Crystals  usually 
hexagonal  in  aspect ;  some- 
times habit  rhoinbohedral ; 
i  often  horizontally  stri- 
ated. Cleavage:  i  perfect. 
Observed  only  in  crystals, 
and  never  as  twins. 

H.=4-5.  G.=2-04-2-17. 
Lnstre  vitreous.  Colorless, 
yellowish- white,  greenish- 
white,  reddish-white  flesh- 
red.  Transparent  to  trans- 
lucent.    Brittle. 


G.  Blomidon. 
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Cknnp.— Q.  ratioforB  :  B  :  Si :  H=l  :  8  :  8  :  6,  B=Ca(Naii,E9)i  ft=Al.  Formula  (Ca,Nafl 
.%lSi40is+6aq.  Analysis  by  Howe,  Beigen  HiU,  SiO,  48*67,  M0»  18*72,  FeO.  010,  GaO 
2-60,  Na,0  9- 14.  H,0  21 '85=100*58  (Am.  J.  Sol,  III.,  xii,  270, 1876). 

Pyr.,  etc. — In  the  closed  tabe  crumbles,  gives  off  much  water.  B.B.  fuses  easily  to  a  white 
enamel     Decomposed  by  hydrochloric  acid  with  gelatinizatiou. 

DHL — Cloeely  resembles  some  chabazite,  but  differs  decidedly  in  angle. 

Oba. — Occurs  at  Andreasberg;  in  Translyrania ;  in  Antrim,  Ireland ;  near  Lame ;  at  Taliaker 
in  Skye ;  at  Gape  Blomidon  and  other  localities  in  NoTa  Scotia  {Udet'erite) ;  in  fine  crystals  d 
▼aried  habit  at  the  Bergen  HUl  tunnel  of  1876. 

PHTTiTiTFSITB.* 

Orthorhombic.  lAl-dV  12' ;  1  A 1  =  121*^  20',  120^  U\  and  88°  40' 
Marignac.  Faces  1  and  i-l  striated  parallel  to 
the  edge  between  them.  Simple  crystals  nn- 
known.  Commonly  in  cruciform  crystals,  consist- 
ing of  two  crossing  crystals,  each  a  twinned 
pnsm  (f.  647).  Crystals  either  isolated,  or 
gronped  in  tufts  or  spheres  that  are  radiated 
within  and  bristled  with  angles  at  surface. 

H.==4-4-5.  G.= 2-201.  Lustre  vitreous. 
Color  wliite,  sometimes  reddish.  Streak  un- 
oolored.    Translucent — opaque. 

Oompr—Q.  ratio  for  B  :  B  :  8i  :  H=l  :  8  :  8  :  4,  B=Oa 

■nd  Kt(Na«) ;  Ga  :  Ka=3  :  1,  2  :  3,  etc.  Formula  BMSi40is 
+4aq.  Analysis  by  Ettling,  Nidda.  Hessen,  SiO,  48  13, 
AID,  21-41,  OaO  8-21,  KaO  520,  Na,0  0*70,  H,0  1678= 
100-48. 

Pyr.,  ato.— B.B.  crumbles  and  fuses  at  3  to  a  white  enameL 
Oelatiniies  with  hydrochloric  add. 

ZM& — Besembles  harmotome,  but  distingroished  B.B. 

Oba. — At  the  Giant^s  Gauseway,  Ireland ;  at  Capo  di  Bove, 
near  Borne ;  in  Sicily ;  Annerode*  near  Giessen;  in  Silesia; 
Bohemia ;  on  the  west  coast  of  Iceland. 

Strang  (^ahrb.  Min.,  1876,  586)  shows  that  the  forms  axe 
exactly  analogous  to  those  of  harmotome,  and  suggests  that  T 
U  msy  bo  alao  monoclinio. 


a  di  BoTtti 


DESCKIFnTB   Um£&AIX>OT. 


HARMOTOMB. 


Honoclinic  (DeeCloizcaax).    Oleavage :  I,  0,  easy.    Simple  ciyBtalB  an* 
known.     Occurring  in  [jeuetm- 
•48  648  tion-twins.     Uiiknown  inafielve. 

JmO^  H,  =  4-5.     G.  =  2-44-2-45. 

Lostre  vitreous.  Color  white; 
passing  into  gi"av,  yellow,  red, 
or  brown.  Streak  white.  Sab- 
transparent — tranBhicent.  Free- 
tnre  tineveu,  imperfectly  con- 
choidal.     Brittle. 

\1     /y  Oonqi^Q.  ratio  tor  R  :  fi  :  Si :  H 

-^  .    ,        ^  =1:8:10:8;    here    R^B«  moBtly, 

AndreasberB.  a]K.K,;H=AL     Fonnnla  EilSi.O,, 

+5aq.      If  one-fifth  of  the  wsMr  i> 

combined  (RamnielBbergf],  then  the  formula  correspondi  to  H|B:^iSi|0|  i4-4iq. 

BothfoDDolaggiTe  Silica  4^-91,  Blumina  IS 70,  baiTta  £0-06,  potash  ^'M,  water  14-ltD  =  100. 

Pyr.,  eto. — B.  B.  whitens,  then  cmmbleB  and  fuses  at  3'S  without  iutumesoeace  to  a  white 

tlBnalucent  glass.     Some  Toiietias  phOBphoresce  when  heated.     Decomposed  bj  hf  dronhlorifl 

kdd  without  gelutiniziiie. 

DUL — Oharacterized  by  ite  oryBtallizatioii  in  twins;  the  ptesesce  of  barium  aepsnteiit 
from  otbsr  species. 

Obs. — Ilarmotome  oocura  in  tunygdaloid,  phonolyte,  trachyte;  also  on  gneiss,  and  in  aomt 
metaltif  erouB  veins.  At  Strontion  in  Sootlond ;  at  Andreosbeig ;  at  Badelstadt  in  Siiesis , 
S<diiSanbeig,  near  Giessen,  etc. ;  Oberstein ;  in  the  gneiss  o(  npper  New  York  City. 

DesUoiEeauz,  who  has  shown  the  monoclinio  charaotflr  of  the  spedea  b;  optical  means,  hai 
kdopl^  >  different  position  for  the  crystals  (1=/,  eto.j. 


StzontlBn. 


BTU2ITZI.*  Dennine. 

/A  7=94°  16',  lAl,  front,  =119°  16',  aide,  114°  0'. 
Cleavage :  i-i  perfect,  t-t  less  ao.  Forms  as  in  f.  C50; 
more  common  with  the  prism  flattened  parallel  to  i-t 
or  the  eleavace-face,  ana  pointed  at  the  extremities. 
Twins;  eniciform,  twinning-plane.  li,  rare.  ConimoD 
in slieaf-like aggregatione ;  divergentor radiated;  Botuu 
times  globular  ana  thin  lamellar-<-o]uinnai', 

U.=  3-5-4.  G.=2-094r-2-205.  Lnstre  of  t-f  ijeaih; 
of  other  faces  vitroons.  Color  white;  occasionally 
yellow,  hrown,  or  red,  to  brick-red.  Streak  nncolored. 
Transparent — ti-aii  sin  cent.    Fracture  uneven.     Brittle. 

Tar. — 1,   Ordinary,     Either  {a)  In  crystals,  flattened  and  pesrij 

parallel  to  the  plane  of  cleava^,  or  aheaf-like,  or  diver^nt  gnnps; 

or  (ij  in  radiated  stars  or  bemispheres,  with  the  radiating  iudindDtli 

showing  a  penrly  cldaTage  surface.    Bphirroatiibitt.  Bend,  is  inqibsnii 

radiated  within  with  a  penily  fracture,  rathet  soft  eiteroally. 

Oomp.— Q.ntioforB:  H  :  Si  :  H=l  :  8  :  1'2  :  6;  R=Ca(Na,),K=AL  FarmuU RA13i.0ii 

4'4aq.     If  two  parts  of  water  are  basic  iRanim. )  the  ratio  beoomes  {B=Ga,H,.NB,}  8  : 3  :  11 

;4,  orS  I  81=1  :  3.  and  the  formula  in  H,R:\1SiiO,.-t-4aq.     Anatysis,  Petersen,  Seiner  Alp. 

BIO.  SSfll,  410, 15QS,  CftO  7-88,  Na,0  301,  K,0  0-47,  H,0  rai9=en-33. 

I^.,  ato. — B.B,  foliates,  swells  up,  oorve*  Into  but-like  or  Termioulai  forms,  tuil  foMi 
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to  &  vlntu  enamel.  F. =2-2*5.  Deoomposed  hj  hjdrochloric  aoid,  without  gelatlniziiig.  The 
wphrnnrntSbiU  gelatinizes,  bat  Heddle  says  this  is  owing  to  a  mixture  of  mewUte  with  the  stil- 
bite. 

Z>i£ — ^Prominent  characters :  occurrence  in  sheaf-like  forms,  and  in  the  rectangulaT 
tebnlar  crystals ;  lustre  on  cleavage-face  pearly ;  does  not  gelatinize  with  acids. 

Oba.— SUlbite  occurs  mostly  in  cavities  in  amygdaloidl  It  is  also  found  in  some  metal- 
lif erous  veins,  and  in  granite  and  gneiss.  The  Faroe  Islands,  Iceland,  and  the  Isle  of  Skye ; 
in  Dumbartonshire,  Scotland ;  at  Andreasberg ;  Arendal  in  Norway ;  in  the  Syhadree 
Mts.,  Bombay  ;  near  Fahlun,  in  Sweden.  In  North  America,  at  Bergen  Hill,  New  Jersey  ; 
at  the  Michipicoten  Islands,  Lake  Superior  ;  Nova  Scotia,  etc. 

The  name  stUbite  is  from  anX/STf^  lustre;  and  desmine  from  Mafuj,  a  bundle.  The  species 
sfcQbite,  as  adopted  by  Hatly,  included  Strahlzeolith  Wem.  (radiated  zeolite,  or  the  above), 
and  Bl^tterzeoUth  Wem,  (foliated  zeolite,  or  the  species  heulaudite  beyond;.  The  former  waf« 
the  typical  part  of  the  species,  and  is  the  first  mentioned  in  the  description ;  and  the  lattei 
he  added  to  the  species,  as  he  observes,  with  much  hesitation.  In  1817,  Breithaupt  separated 
the  two  zeolites,  and  called  the  former  desmine  and  the  latter  euzeoUte^  thus  throwing  aside 
entirely,  contrary  to  rule  and  propriety,  HaQy's  name  etilbUe^  which  should  have  been  accepted 
by  him  in  place  of  desmine,  it  being  the  typical  part  of  his  speciea  In  1822,  Brooke  (ap- 
parently unaware  of  what  Breithaupt  had  done)  used  etUbUe  for  the  first,  and  named  the  other 
aeulandit*.  In  this  he  has  been  followed  by  the  French  and  English  mineralogists,  while  the 
Germans  have  unfortunately  followed  Breithaupt 

Epistilbitb  (Beissite). — Oompoeition  like  heulandite,  but  form  orthorhombic.  Iceland ; 
Faroe;  Poonah,  India,  etc.  ;  Bergen  Hill,  N^.  J. 

FoRBSlTB.— Besembles  stilbite  in  form.  Q.  ratio  for  B  :  R  :  Si  :  H^l  :  6  :  12  :  6.  Formula 
BM«Si60i9+6aq.  (B=Naa :  Ga=l :  8).  Occurs  in  ciystalline  crusts  on  tourmaline,  in  cavities 
in  crranite.    Island  of  Elba. 


HBUIiANDITB.    StUbifc,  Germ. 

Monoclinic.  G  =  88°  35',  /A  /=  136''  4',  (?  A 14  =  156°  45' ;  c  :  J  :  d  = 
1-065  :  2*4785  : 1.      Cleavage :   clinodiagonal  (i-i)  emi- 
nont    Also  in  globular  forms;  also  granular.  ^^1 

H.=8'5-4.  Q'.=2*2.  Lustre  of  i-%  strong  pearly ;  of 
other  faces  vitreous.  Color  various  shades  of  white, 
passing  into  red,  gray,  and  brown.  Streak  white. 
Transparent — Bubti*anslucent.  Fracture  subconchoidal, 
uneven.    Brittle.    Double  refraction  weak ;  optic-axial 

1)lane  normal  to  ir\ ;  bisectrix  positive,  parallel  to  the 
lorizoutal  diagonal  of  the  base ;  DesCI. 

Oomp — Q.  ratio  for  B  :  B  :  Si :  H=l  :  8  :  12  :  5 ;  B=Ga(Na,). 
Formula  Ca^VlSifO  16 +(Saq,  or  if  2HiO  be  basic  (Bamm.)  then  the 
ratio  becomes  1:1:4  (B=Ga  and  Ha),  and  the  formula  H4Ca2VlSte 
Ois+8aq.  Both  requure  Silica  59*06,  alumina  16*83,  lime  7*88,  soda 
1-46,  water  14-77=100. 

Pyr.— B.B.  same  as  with  stUbite. 

2>iff. — Distinguished  bj  its  ciystalline  form.     Pearly  lustre  of  i-\  a  prominent  character. 

Oba. — Heulandite  occurs  principally  in  amygdaloidal  rocks.  Also  in  gneiss,  and  occasionally 
in  metalliferous  veins.  Occurs  in  Iceland;  the  Far5e  Islands;  the  Vendayah  Mountains, 
Hmdostan.  Also  in  the  Kilpatrick  Hills,  near  Glasgow ;  in  the  Fassa  Valley,  Tyrol ;  An* 
dreasberg ;  Nova  Scotia,  etc. ;  at  Bergen  Hill,  New  Jersey ;  on  north  shore  of  Lake  Superior; 
14  Jones's  Vails,  near  Baltimore  (Levy's  beaunMatUe\ 

Tor  the  relation  of  the  ^ynonymes  see  stilbit,  above. 

BuEWOTEBiTB. — Q.  ratio  same  as  for  heulandite,  but  B  is  here  Ba  or  Sr  (Ga).  Formula 
reqnires  SiO.  58*5,  ^lOs  15*3,  BaO  7 '6,  SrO  10-2,  H,0  18*4=100.  Monoclinic.  Strontian  ia 
Azgyleshize,  eta 
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nL   Maboabophyllitb   Sscnoir. 

BiSlLICATES. 

The  Margarophyllites  are  often  foliated  like  the  micas,  and  the  name 
alludes  to  the  pearly  folia.  Massive  varieties  are,  however,  the  most  com- 
mon with  a  large  part  of  the  species,  and  they  often  have  the  coropactnesa 
of  clay  or  wax.  Talc,  pyrophyllite,  serpentine,  ai-e  examples  of  species  pre- 
senting both  extremes  of  structure ;  while  pinite  occurs,  as  tlins  tar  knowii) 
only  in  the  compact  condition.  The  true  Margai^ophyUites  are  below  5  in 
hardness ;  gi*easy  to  the  feel,  at  least  when  finely  powdered. 

TALO. 

Orthorhombic.    /A  I  =  120**.    Occurs  rarely  in  hexagonal  prisms  and 

{)lates.     Cleavage :  basal,  eminent.    Foliated  massive,  sometimes  in  globn- 
ar  and  stellated  groups;  also  granular  massive,  coarse  or  fine;  also  com- 
pact or  cryptocnstalline. 

H.=l-1"6.  G.=2*565-2'8.  Lustre  pearly.  Color  apple-gn?en  to  white, 
or  silvery-white ;  also  groenish-gi-ay  and  dark  green ;  sometimes  bright 
green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent  at 
right  angles  to  this  direction ;  brownish  to  blackish-green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  green  varieties,  lighter  than  the 
color.  Subtransparent — subtranslucent.  oectile.  Tliin  laminss  flexible, 
but  not  elastic.  Feel  greasy.  Optic-axial  plane  iA, ;  bisectrix  negative,  D0^ 
mal  to  the  base ;  DesCl. 

▼ar. — FdiaUd^  ToKa,  GonsistB  of  folia,  nsoaUj  eamly  separated,  haying  a  grea^  fed,  and 
preeenting  ordinarilv  ligbt  green,  .greenish- white,  and  white  colors.  G.  =2*55-2*78.  (a) 
JfasHvs,  BtexUUe  or  SoapsUme  (Speckstein,  Qwm. ).  Coarse  granular,  graj,  grayish-green,  and 
brownish-gray  in  colors.  H.  =1-2  '5.  {b)  Fine  granular  or  cryptocxystalline.  and  soft  enough 
to  be  used  as  chalk,  as  the  Frenofi  chaik  {Oraie  da  Brian^on),  which  is  milk-white,  with  a 
pearly  lustre. 

Oomp. — Q.  ratio  forMg  :  Si=2  :  5,  or  8  :  4,  with  a  vaiying  amount  of  water  in  both  talc  and 
steatite,  from  a  fraction  of  a  per  cent,  to  7  p.  c.  If  the  water  is  basic,  the  ratio  becomes  for 
B  :  Si=l  :  2,  (R=Mg(Fe)  and  Hs),  and  the  formula  is  HaMg.SiiO,,  (fiamm.)= Silica  63*49, 
magnesia  31*75,  water  4*76=100 ;  the  analyses  show  general^  1  or  2  p.  c  of  FeO. 

Pyr.,  etc. — ^  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water.  In 
the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a  whits 
enamel  Moistened  with  cobalt  solution,  assumes  on  ignition  a  pale  red  color.  Not  deoom- 
posed  by  adds. 

Diff.— Reoqg;nised  by  its  extreme  softness,  unctuous  feel,  and  usually  foliated  Etmctara 
Inelastic  though  flexible.    Yields  water  only  on  intense  ignition. 

Obs. — Talc  or  steatite  is  a  very  common  mineral,  and  in  the  latter  form  constitutes  exteo* 
■ire  beds  in  some  regions.  It  is  often  associated  with  serpentine  and  dolomite,  and  frequently 
oontaind  crystals  of  dolomite,  breunerite,  asbestus,  actinolite,  tourmaline,  magnetite.  Steatite 
Is  the  material  of  numy  peeudomorphs,  among  which  the  most  common  are  those  after  pyroxene, 
hornblende,  mica,  scapolite,  and  spinel  The  magnesian  minerals  are  those  which  commonlj 
aflPord  steatite  by  alteration ;  while  those,  like  scapolite  and  nephelite,  which  contain  soda  and 
DO  magnesia,  most  frequently  change  to  pinite-Uke  peeudomorphs.  lUnMekteriU  and 
p^raUnUte  are  pseudomorphous  varieties. 

Apple-green  talc  occurs  near  Salzburg ;  in  the  Yalais ;  also  in  Ck>mwall,  near  Lizard  Point, 
with  serpentine ;  in  Scotland,  with  serpentine,  at  Portsoy  and  elsewhere ;  etc  In  K. 
America,  some  localities  are:  Vermont,  at  Bridgewater;  Grafton,  eta  In  New  Hannthin^ 
at  Pelham,  etc.  In  B.  Inland,  at  Smithfield.  In  N.  Yark^  near  Ami^.  In  Penn.,  at  Tezaai 
at  Chestnut  Hill,  on  the  SohuylkiU.    In  Maryland^  at  Gooptown. 
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FTROPHTLZiITB.    Agalmatolite  or  Pagodite  pt. 

Orthorhombio.  Not  observed  in  distinct  crTStals.  Cleavage:  basal 
eminent.  Foliated,  radiated  lamellar;  also  granular,  to  compact  or  crypto- 
crystalline ;  the  latter  sometimes  slaty. 

H.=l-2.  G.=2'75-2-92.  Lustre  of  folia  pearly,  like  that  of  talc;  of 
massive  kinds  dull  or  glistening.  Color  white,  apple-green,  grayish  and 
brownish-green,  yellowiSi  to  ochre-yellow,  grayish-white.  Subtransparent 
to  opaqne.  Larainsd  flexible,  not  elastic,  i  eel  greasy.  Optic-axial  angle 
large  (about  108^) ;  bisectrix  negative,  normal  to  the  cleavage-plane. 


r.^1)  Foliated,  and  often  radiated,  closely  resembling  talc  in  color,  feel,  lustre,  and 
rtmctoxe.  (2)  Oompaot,  massive,  white,  grayish,  and  greenish,  somewhat  resembling  oom- 
paot  steatite,  or  French  chalk.  This  compact  variety,  as  Brush  has  shown,  inolades  part  oi 
what  has  gone  under  the  name  of  agalmatolite,  from  Ohina ;  it  is  used  for  slate-pencils,  and 
is  sometimes  called  pendl-^tone. 

Oomp. — Q.  ratio  for  M  :  Si=l  :  2,  also  in  other  cases  8  :  8,  Formula  for  the  first  case= 
:^klSiaO«+aq  (Bamm.).  Analysis,  Chesterfield,  S.  C,  by  Genth,  SiO^  64*82, 3^10.  28*48,  ¥eOi 
0-96,  MgO  0-83,  GaO  0*55,  H,0  5'25=100'39. 

Pyr.,  etc. — ^Yields  water.  B.B.  whitens,  and  fuses  with  difficulty  on  the  edges.  The 
radiated  varieties  exfoliate  in  fan-like  forms,  swelling  up  to  many  times  the  original  volume 
of  the  assay.  Heated  with  cobalt  solution  gives  a  deep  blue  color  (alumina).  Partially  decom- 
posed by  sulphuric  acid,  and  completely  on  fufuon  with  alkaline  carbonates. 

Obs. — Compact  pyropbyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foliated 
variety  is  often  the  gangue  of  cyanite.  Ooours  in  the  Urals ;  at  Westana,  Sweden ;  ^^ar  Ottrea 
in  Luxembourg ;  in  Chesterfield  Dist.,  S.  C. ;  in  Lincoln  Co.,  Oa. ;  in  Arkansas.  The  compact 
pyrophyllite  of  Deep  Biver,  N.  C,  is  extensively  used  for  making  slate  pencilik 

PiHLiTB  (eymatdUe)^  near  pyrophyllite. 


SBPIOLXTB.*  Meerschaum,  Oenn.    L'Ecume  de  Mer,  Fr. 

Compact,  with  a  smooth  feel,  and  fine  earthy  texture,  or  claj-like. 

H.=:2~2*6.  Impressible  by  the  nail.  In  di-y  masses  floats  on  water. 
Color  grayish-white,  white,  or  with  a  faint  yellowish  or  reddish  tinge. 
Opaque. 

Oomp. — Q.  ratio  for  B  :  Si :  H=l  :  3  :  1,  corresponding  to  Hg3Sii08+2aq :  or,  if  half  the 
water  is  baaio,  1:2:  i=Hs]llg3SisO0  +  aq= Silica  00*8,  magnesia  27*1,  water  12*1=100..  The 
amount  of  water  present  is  somewhat  uncertain. 

Pyr.,  etc. — In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher  temperature 
gives  much  water  and  a  burnt  smell.  B.  B.  some  varieties  blacken,  then  bum  white,  and  fuse 
with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink'  color  on  ignition.  Decomposed 
by  hydrochloric  acid  with  gelatinization. 

Obfl. — Occurs  in  Asia  M^or,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the  plains 
of  Eakihi-sher ;  also  found  in  Greece ;  at  Hrubschitz  in  Moravia ;  in  Morocco ;  at  Yallecaa  in 
Spain,  in  extensive  beds. 

The  word  tneenchaum  is  German  for  iechfroth,  and  alludes  to  its  lightness  and  color.  Septo- 
UU,  Glocker,  is  from  oTpria^  etUtU'fishj  the  bone  of  which  is  light  and  porous,  and  also  a  pro- 
duction of  the  sea. 

APHSODrFE. — 4MgSi0s+8aq.    Resembles  sepiolite.     Longban,  Sweden. 

Smbctitb. — Fuller's  earth  pt.     A  greenish  clay  from  Styria. 

MoNTMOBiLLONrTB. — ^A  rose-rod  cUy  containing  more  alumina  than  smectite,  from  Mont* 
Morillon,  France. 

Obladozvitb. — ^A  variety  of  ** green  earth"  from  Mt.  Baldo,  near  Yerona. 

GLAircoNrrB. — Green  earth  pt.  A  hydrous  silicate  of  iron  and  potassium,  but  always 
bapnre.     Constitutes  the  green  sand  of  the  chalk  and  other  formations  {e.g.^  in  New  Jersey). 

Stilpnomblank. — ^la  foliated  plates,  or  aa  a  velvety  coating.    BssentiaUy  a  hydrous  ixod 
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(Fe)  Alioate.  Color  black  to  yellowuh-bronze.  Sfleua;  WedbnTg;  Nmmh;  Slerling  inm 
mine^  Antwerp,  N.  Y.  {ehaicodits), 

Gbxobofal. — Compact,  earthy.  Color  greenish-yellow.  A  hjdrated  iron  Bilicate.  Foimnla 
F06isO»+5aq.    Andreaflberg;  Steinbeig  near  Oottingen ;  Nontron  {rumtronite),  France,  ete. 

Abbcnits. — ^Perhaps  related  to  chloropal  {LcuatUx).    Color  blue.    Spain. 


XTkisilicateb. 
Serpentine  Oroup. 

SBRPHNTINZI.* 


Orthorhombic  (?).  In  distinct  crystals,  but  only  as  pseudoraorphs.  Some- 
times foliated,  folia  rarely  separable ;  also  delicately  nbrous,  the  fibres  often 
easily  separable,  and  either  flexible  or  brittle.  Usually  massive,  fine  granu- 
lar to  impalpable  or  cryptocrystalline ;  also  slaty. 

H.=2*5-4,  rarely  5*5.  G.=2*5-2*65;  some  fibi^us  varieties  2*2-2'3; 
retinalit€,  2-36-2-56.  Lustre  subresinons  to  greasy,  pearly,  earthy ;  resin- 
like, or  wax-like ;  usually  feeble.  Color  leek-green,  blackish-greeo,  oil 
and  siskin-green,  brownish-red,  brownish-yellow ;  none  bright;  sometimes 
nearly  white.  On  exposure,  often  becoming  yellowish -gray.  Streak  white, 
slightly  shining.  Translucent — opaque.  Feel  smooth,  sometimes  greasy. 
Fracture  conchoidal  or  splintery. 

Var. — ^Many  unRostained  species  have  been  made  out  of  serpentine,  differing  in  stmctore 
(masalye,  slaty,  foliated,  fibrous),  or,  as  supposed,  in  chemical  composition. 

Massivx:.  (1)  Ordinary  mamve.  {a)  Precious ot  Noble  Serpentine  (Edler  Serpentin,  Germ.) 
is  of  a  rich  oil-green  color,  of  pale  or  dark  shades,  and  translucent  even  when  in  thick  pieces; 
and  {b)  Common  Serpentine^  when  of  dark  shades  of  color,  and  subtransluoent.  The  former 
has  a  hardness  of  2'&-d ;  the  latter  often  of  4  or  beyond,  owing  to  impurities.  Boweniti 
(Smithfield,  B.  L),  is  a  jade-like  variety  with  the  hardness  5  o. 

FoLiATKD.  Marmc^ite  is  thin  foliated;  the  lamine  brittle  but  easily  separable,  yet  grada- 
ating  into  a  variety  in  which  they  are  not  separable.  G.  =2*41 ;  lustre  pearly ;  colon  greea- 
ish-white,  bluish-white,  or  pale  asparagus-green.     From  Hoboken,  N.  J. 

Fibrous.  Ohryeotile  is  delicately  fibrous,  the  fibres  usually  flexible  and  easily  separating; 
lustre  silky,  or  silky  metallic ;  color  greenish-white,  green,  olive-green,  yellow,  and  biowiush ; 
G.  =2'2ir>.  Often  constitutes  seams  in  serpentine.  It  includes  most  of  the  silky  amiarUlm 
of  serpentine  rocks.     The  original  chzysotile  was  from  Beichenstein. 

Any  serpentine  rock  cut  into  slabs  and  polished  is  called  serpentine  marble. 

Comp.— Q.  racio  for  Mg  :  Si :  H=3  :  4  :  2,  corresponding  to  MgiSitOf-h2aq=  Silica  43*48, 
magnesia  4i)'48.  water  lii'04.  But  as  chrysolite  is  especially  liable  to  the  change  to  serpen- 
tine, and  chrysolite  is  a  unistiicate,  and  the  change  consists  in  a  loss  of  some  Mg.  and  the 
addition  of  water,  it  is  probable  that  part  of  the  water  takes  the  place  of  the  lost  Mg,  so  tbst 
the  mineral  is  essentiaUy  a  hydrated  chrysolite  of  the  formula  U^MgaSisOo+aq.  The  rela- 
tion in  ratio  tc  kaolinite  and  pinite  correspondn  with  this  view  of  the  formula. 

Py^r.,  ets. — In  the  closed  tube  yields  water.  B  B.  fuses  ou  the  edges  with  difficulty.  F.= 
6.  Gives  usually  an  iron  reaction.  Decomposed  by  hydrochloric  and  sulphuric  acids.  Ghx;- 
sotile  leaves  the  silica  in  fine  fibres. 

Difif. — Distinguishing  characters :  compact  structure  ;  softness,  being  easily  cut  with  s 
knife ;  low  specific  gravity  ;  and  resinous  lustre. 

Obs. — Serpentine  often  constitutes  mountain  masses.  It  frequently  occurs  mixed  with 
more  or  less  of  dolomite,  magnesite,  or  calcite,  making  a  rock  of  clouded  green,  sometimei 
veined  with  white  or  pale  green,  called  wrd  antigtte,  or  ophioUte,  It  results  from  the  alien- 
fcion  of  other  rocks,  frequently  chrysolite  rocka  Crystals  of  serpentine  (pfleudomorphoiu) 
occur  in  the  Fassp  valley,  Tyrol ;   near  Miask ;  Katharinenbezg,  and  elsen'here ;  in  Norwi^, 
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it  tnamm,  eta  Fteoious  serpentmes  oome  from  Sweden ;  the  Isle  of  Man ;  Corsica ; 
Siberia ;  Saxony,  etc  In  N.  America,  in  VermoTU^  at  New  Fane ;  Eoxbniy,  etc.  In  Mass,^ 
at  Newbuiyport  and  elsewhere.  In  Gonn,^  near  New  Haven  and  Milford,  at  the  verd-antique 
qnarriee.  In  N.  Tork^  at  Brewster,  Putnam  Co. ;  at  Antwerp,  Jefferson  Co. ;  in  GoiiTer- 
near,  St.  Lawrence  Co. ;  in  Orange  Co. ;  Richmond  Co.  In  N,  Jersey^  at  Hoboken.  In 
Penn.,  at  Texas,  Lancaster  Co. ;  also  in  Chester  Co. ;  in  Delaware  Co.  In  Maryiand,  si 
Bare  Hills ;  at  Cooptown,  Harford  Co. 

The  following  are  varieties  of  serpentine  :  retinalite,  GrenviUe,  C.  W. ;  wrhatuerite,  Tyrol 
pareeUophiU ;  botoenite,  Smithfield,  R.  L  ;  antigorite,  Piedmont ;   wiUiamsUe^  Texas,  Pa. ; 
norm^^^to,  Hoboken;  picroUte;  metasoUe;  r0/^(2an«A;tto  (containing  Ni) ;  aguacreptite. 

Bastite  or  Schiller  Spar. — An  impure  serpentine,  a  result  of  the  alteration  of  a  foliated 
pyroxene.     Baste ;  Todtmoos  in  the  Schwarzwfljd.     Aittillite  is  similar. 

Dewetlitb  {GffmnUe). — H«Mg4Si80!3+4aq.  Occurs  with  serpentine  at  Middlefield  and 
Texas,  Penn.     Htdbophite  (JenkinsUe)^  near  deweylite,  but  Mg  replaced  in  part  by  Fe. 

Cerolitb.— HaMgaSis07+aq.  Silesia.  LiiiBACHiTB  from  Limbach,  and  Zoblttziti 
bom  Zoblita,  are  yarieties  of  oerolite. 

QBNTHZTB.    Niokel-Gymnite. 

Amorphous,  with  a  delicately  hemispherical  or  stalactitic  surface,  in 
crusting. 

H.=3-4;  sometimes  (as  at  Michipicoten)  so  soft  as  to  be  polished 
under  the  nail,  and  fall  to  pieces  in  water.  G.=2*409.  Lustre  resinous. 
Color  pale  apple-green,  or  yellowish.  Streak  greenish- white.  Opaque  to 
translucent 

Oomp. — Q.  ratio  for  B  :  Si :  H=2  :  3  :  8,  or  the  same  as  for  deweylite ;  formula  H4(Ni« 
Mg)4SiaOis,  being  a  nickel-gymnlte.  Analysis:  Oenth,  Texas,  Pa.,  SiOa  d5'8G,  NiO  30^, 
PeO  0*24,  MgO  14-60,  CaO  0  26,  H,0  19 •09=100-19. 

P3rr^  etc. — In  the  closed  tabe  blackens  and  gives  off  water.  B.B.  infnsible.  With  borax 
in  O.F.  gives  a  violet  bead,  beooming  gray  in  B.F.  (Nickel).  Decomposed  by  hydrochlorio 
add  withont  gelatinizing. 

Obs. — From  Texas,  Lancaster  Oo.,  Pa.,  in  thin  crasts  on  chromic  iron;  from  Webster, 
Jackson  Co.,  K.  C;  on  Michipicoten  Id.,  Lake  Superior. 

Alipjtb  and  Pimblfte,  an  apple-green  silicates  containing  some  nickel.  Garnibritb 
and  NouHSiTB,  from  New  Caledonia  are  similar,  and  have  b^n  shown  by  Liversidge  to  bo 
nixtoreB. 


Kdolinite  Oroup. 

KAOUNXTB. 


Orthorhombic.  /A  /=  120®.  In  rhombic,  rhotnboidal,  or  hexagonal 
Bcale8  or  plates ;  sometimes  in  fan-shaped  aggregations  ;  usually  constitut- 
ing a  clay-like  mass,  either  compact,  friable,  or  mealy ;  base  of  crystals 
lined,  arising  from  the  edges  of  superimposed  plates.  Cleavage :  basal, 
perfect.     Twins :  the  hexagonal  plates  made  up  of  six  sectore. 

H.=l-2-6.  G.=2'4-2-63.  Lustre  of  plates  pearly  ;  of  mass,  pearly  to 
dull  earthy.  Color  white,  grayish-white,  yellowish,  sometinitjo  brownish, 
bluish,  or  reddish.  Scales  transparent  to  translucent.  Scales  flexible^ 
inelastic ;  usually  unctuous  and  plastic. 

Var. — ^1.  Argimform.     Boft,  clay-like  ;  ordinary  kaolinite ;  under  the  microscope,  if  nol 
without,  showing  that  it  is  made  up  latgely  of  pearly  acalea.     The  constituent  of  most,  il  no! 
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all,  paxe  kaolin.  2.  Fariniform,  Meai^^  hardly  coherent,  oonnstiiig  of  pearlj  ■mg'ilti 
Boales.  8.  Indurated;  LUhomarge  {Steinmark,  Germ.).  Firm  and  compact;  H.=^'5 
When  pulverized,  often  shows  a  scaly  texture. 

Oomp.— Q.  ratio  for  fi  :  Bi  :  H=3  :  4  :  2 ;  formula  :^lSiiOT+2aq,  or  making  park  of  thi 
water  basic,  H,7^dSi«0a+aq= Silica  46*4,  alumina  39-7,  water  18-9=100. 

Pyr.,  etc, — Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobalt  solution.  Insol* 
oUe  in  acids. 

Di£— Characterized  l^  its  unctuous,  soapy  feel ;  alumina  reaction  B.B. 

Obs. — Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especiallj 
the  feldspars  of  granitio  and  gneissoid  rocks  and  porphyries.  In  some  regions  where  these 
locks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of  kaolin, 
UBually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some  of 
the  other  minerals  present. 

Occurs  at  Cache- Apr6s  in  Belgium ;  also  in  Bohemia ;  in  Saxony.  At  Yrieix,  near  Limogei, 
is  the  beat  looali^  ot  kaolin  in  Europe,  it  affords  material  for  the  famous  Sevres  poroeldo 
manufactory. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  Bel. :  at  various  localities  in 
the  iimonite  region  of  Vermont  (at  Branford,  etc.) ;  Massachusetts ;  Pennsylvania ;  Jackson* 
ville,  Ala.;  Edgefield,  S.  C;  near  Augusta,  Ga. 

PHOLKiiiTE,  Hallotstta,  cUys  allied  to  kaolinite. 

Saponitb.  —A  soft  magnesian  silicate ;  occurs  in  cavities  in  tnp. 


Pinite  Orov/p. 

PINITJU. 

Ainorphons ;  granular  to  cryptocrystalline ;  usually  the  latter.  Also  in 
crystals,  and  sometimes  with  cleavage,  but  only  because  psendomorphs,  the 
fonn  and  cleavage  being  those  of  the  minerals  from  which  derived.  Bai-ely 
a  snbmicaceous  cleavage,  which  may  belong  to  the  species. 

H. = 2'5-3*5.  G. = 2-ft-2*86.  Lustre  feeble,  waxy.  CJolor  grayish-wliite. 
grayish-green,  pea-green,  dull  green,  brownish,  reddish.  TranslueeDt— 
opaque.     Acts  like  a  gum  ou  polarized  light ;  DesCl. 

Oomp.,  Var. — ^Finite  is  essentially  a  hydrous  alkaline  silicate.  Being  a  result  of  alteration, 
and  amorphous,  the  mineral  varies  much  in  composition,  and  numerous  species  have  been 
made  of  the  mineral  in  its  various  conditions.  The  varieties  of  pinite  here  admitted  agree 
eLosely  in  physical  characters,  and  in  the  amount  of  potash  and  water  present.  Average  com- 
position :  Silica  46,  alumina  80,  potash  10,  water  6  ;  formula  (Ramm.)  H0KaiHaSi«Oa».  The 
mineral  is  related  chemically,  as  it  is  also  physically,  to  terpenJtifM  \  and  it  is  an  aUcali-alamina 
serpentine,  aa  pyrophyllite  is  an  alumina  talc. 

The  different  kinds  are  either  pseudomorphous  crystals  after  (1)  iolite ;  (2)  nephelite ;  (3) 
Bcapolite ;  (4)  some  kind  of  feldspar ;  (5)  spodumene  j  or  (6)  other  aluminous  mineral;  or  (7) 
disseminated  masses  resembling  indurated  talc,  steatite,  lithomarge,  or  kaolinite,  also  a  result 
of  alteration ;  or  (8)  the  prominent  or  sole  constituent  of  a  metamorphic  rock,  which  is  some* 
times  a  piniU  tcliitt  (analogous  to,  and  often  much  resembling,  Uiloo9t  iMst,  and  still  more 
closely  related  to  pyropJiylJ^  9chut).    Some  prominent  varieties  are : 

Finite.  Speckstein  [fr.  the  Fliii  mine  at  Aue,  near  Schneeberg].  Occurs  in  granite,  and 
is  supposed  to  be  pseudomorphous  after  iolite. 

GlESBCKiTB.  Iq  6-sided  prisms,  probably  pseudomorphous  after  nephelite.  H=35. 
0.  =2*78-2*85.  Oolor  grayish-green,  olive -green,  to  brownish.  Brought  by  Gieaeck^  from 
Qveenland.     Also  of  simiUur  characters  from  Diana,  N.  T. 

AoALMATOLiTB.  Like  ordinary  massive  pinite  in  its  amorphous  compact  texture,  lustre, 
tnd  other  physical  characters,  but  contains  more  silica,  so  as  to  afford  the  formula  of  a  bisQi* 
oate,  or  nearly,  and  it  may  be  a  distinct  species.  AgalmcUolite  was  named  from  oyaAfca,  ax 
imagt^  vadipagodUe  fxom  pagoda^  the  Ohinese  carving  the  aoft  stone  into  niniatare  pagodas 
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eto.    Part  of  the  so-called  agalmatolite  of  Ghina  is  trae  pinite  in  compoAiUon,  auoihei 
ptft  is  oompaot  pyrophyllite  (p.  840),  and  still  another  steatite  (p.  848). 

Other  min^nsls  b^onging  in  or  near  the  pinite  group  are :  dyBsyniribUe  (=:gieeeokite) ; 
paropkUe;  wiUoniU;  pciyargite ;  rosUe;  HUiniU;  gigatUo^Ue ;  hygropkSiU ;  gumbeliU  * 
miarmdUe.    Also  eataipUUe  ;  biharUe  ;  palaffonite. 


Hydro-mica  Oroup. 

FAHLUNITU. 

In  six-  or  twelve-sided  prisms,  but  derived  from  pseudomorphism  atter 
iolite.    Cleavage :  basal  sometimes  perfect. 

H.=8*5-5.  G.=2*6-2-8,  Lustre  of  surface  of  basal  cleavage  pearly  to 
waxy,  glimmering.  Color  grayish-green,  to  greenish-brown,  oHve-  or  oil- 
green  ;  sometimes  blackish-green  to  black ;  streak  colorless. 

Var. — ^This  species  is  a  result  of  alteration,  and  considerable  variation  in  the  results  of 
snalyses  should  be  expected.  The  crystalline  form  is  that  of  the  original  iolite,  while  the 
basal  deayage  when  distinct  is  that  of  the  new  species  fahlunite. 

Oomp. — Q.  ratio  for  B  :  B  :  Si :  H=l  :  8  :  5  :  1 ;  whence  the  formula  H4BtAtSi»09o,  the 
water  being  considered  ss  basic,  and  as  entering  to  make  up  the  deficiency  of  bases  in  the 
unisilioate.  In  some  kinds,  the  same  with  the  addition  of  HaO.  The  Q.  ratio  of  ioUte,  the 
original  of  the  species,  is  1:8:5.  Analysis  by  Wachtmeister,  from  Fahlun,  SiOs  44*60, 
AK>.  80*10,  FeO  8*86,  MnO  2*24,  MgO  675,  CaO  1-35,  £,0  1*98,  H,0  985,  F  tr=100-28. 

Pjrr.,  etc. — ^Yields  water.  B.B.  fuses  to  a  white  blebby  glass.  Not  acted  upon  by  acids. 
PyrargiUite  is  difficultly  fusible,  but  is  completely  decomposed  by  hydrochloric  acid. 

OIml — FahkmiU  (and  tridasiU)  from  Fahlun,  Sweden.  The  following  are  identical,  or 
nearly  so :  Bsmarkite  taid  prcueoUte,  Brevig;  raumitSj  Baumo,  Finland;  chtorophyHiUy  Unity, 
He. ;  wrargWiU^  Helsingf ors ;  pdLychroime^  Erageroe,  and  aapaMoUUy  Norway ;  hv/rmUUt 
Lako  Huron  ( WaaUe^  FiSilnn). 


BffARQARODXTB. 

Like  muBcovite  or  common  mica  in  crystallization,  and  in  optical  and 
other  physical  characters,  except  usually  a  more  pearly  lustre,  and  the  colov 
more  commonly  whitish  or  silvery. 

Oomp.— Q.  ratlofor  B  :  B  :  Si :  H  mostly  1:6:9:3;  whence  the  formula  HbBsAliSlsOtt, 
the  water  being  basia  Sometimes  Q.  ratio  1  :  9  :  13  :  2 ;  but  this  diyision  belongs  with 
damourite,  if  the  two  are  distinguishable.  This  species  appears  to  be  often,  if  not  always,  a 
result  of  the  hydration  of  muscovite,  there  being  aU  shades  of  gradation  between  it  and  that 
ipeoiesL  Musoovite  has  the  Q.  ratio  for  bases  and  siUoon  of  4  :  5,  or  nearly.  Analysis,  Smith 
and Brosh,  Litchfield, Ct., SiO, 4460,  A1.0, 86*38,Fe,Otl-84,MgO 0*87,  GaO 0'50,  NaiO4*l0, 
K,0  630,  H,0  6-26,  P  tr. -100-60. 

For  pyrognostios  and  localities,  see  musoovite,  p.  818. 

OiLBBBTiTB.— Bssentially  identical  with  mazxarodite ;  tin  mines,  Saacony. 


DAMOtTRXTB. 

An  aggregate  of  fine  scales,  mica-like  in  structure. 
Optic-axial 

OoBip<— A  hydrous  potash-mioa,  like  margorodite,  to  whicb  (t  is  doeely  relaied;    Q.  iktlo 

23 


H.=§-8.    G.=2"792.    Lustre  pearly.    Color  yellow  or  yellowish-wliife 
ic-axial  divergence  10  to  12  degrees ;  for  sterlingite  70^. 
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for  R  :  II :  Si :  H=l  :  9  :  12  :  2,  or  1  : 1  for  bases  to  silioon,  if  Uie  water  in  basia  Formula 
U4K3AlsSi«Ot4.  Analysis,  Monroe,  from  Sterling,  Mass.  {sterUngiU),  SiO,  43-87,  ^0.36-45, 
FeO,  8  36,  K,0  10*86,  H,0  5  19=99-73. 

It  is  the  gangae  of  cyanite  at  Pontivy  in  Brittany;  and  cbe  same  at  Honsjobecg,  Wctia* 
land.    Associated  with  corondam  in  North  Carolina;  with  qx)damene,  at  Sterling,  ~ 


PARAOONITB.    Fregiattite. 

Massive,  sometimes  consisting  distinctly  of  fine  scales ;  the  rock  slaty  oi 
schistose.     Cleavage  of  scales  in  one  direction  eminent,  mica-like. 

H.=2-5-3.  G.=2-779,  paragonite;  2*895,  pregrattite,  CEUachcr.  Lustre 
strong  pearly.  Color  yellowish,  grayish,  grayish- wnite,  greenish,  light  apple- 
green.    Translucent ;  single  scales  transparent 

I 

Oomp. — ^A  hydrous  sodmm  mioa.  Q.  ratio  f or  B  :  B  :  Si :  H=l  :  9  :  12  :  2,  or  1 : 1  fof 
bases  and  silicon,  if  the  water  be  made  basic  Formula  H4Nati^laSi60t4(K  :  Na=l :  6)= 
Silica  46-60,  alumina  39*96,  soda  6*90,  potash  1*74,  water  4*80=100. 

'Byx. — B.B.  the  paragonite  is  stated  to  be  infusible.  The  pregrattite  exfoliates  somewhat 
like  Yermiculite  (a  property  of  some  clinochlore  and  other  species),  and  becomes  milk-white 
on  the  edges. 

Obs. — Paragonite  constitutes  the  mass  of  the  rock  at  Monte  Gampione,  in  the  region  of 
St.  Gothard,  containing  cyanite  and  stanrolite,  called  paragonitio  or  taloose  schist  The 
pregrattite  is  from  Pregratten  in  the  Pusterthal,  Tyrol ;  cossaite,  from  mines  of  Boigofranoo, 
near  lyrea. 

IviGTrrE. — Occurs  in  yellow  scales,  also  granular,  with  cryolite  from  Greenland. 

EuPHTLLrrB. — Associated  with  tourmaline  and  corundum  at  UnionviUe,  Penn.  Q.  ratio 
for  B  :  ft  :  Si :  H=l  :  8  :  9  :  2.  Average  composition.  Silica  41*6,  alumina  42*3,  lime  1*6, 
potash  8*2,  soda  5*9,  water  5*5=100. 

Ephebite,  Lesletitb. — ^Hydro- micas,  perhaps  identical  with  damourite.  Occur  with 
oomndum,  and  impure  from  admixture  with  it. 

CELLAdiEBrrB. — A  hydro-mica,  containing  5  p.  o.  baryta.     Pfitschthal,  TyroL 

GooKErrB. — ^A  hydrous  lithium  mica.  From  Hebron  and  Paris,  Me.,  apparently  a  pn- 
dact  of  the  alteration  of  mbeliite. 


HxsiNaBRrrB. 


AmorphonS)  compact,  without  cleava^. 

H.=8.  G.=3045.  Lustre  greasy,  mclininff  to  vitreous.  Color  black 
to  brownish-black.     Streak  yellowish-brown.    Fracture  conchoidal. 

Oomp.— Q.  ratio  for  U+U  :  Si :  H=2  :  3  :  8  ;  formula  B«i^sSisOi8+4aq  (with  one-tbsd 
Ol  the  water  basic).  B=Fe,H, ;  fl=Fe.  Analysis,  Cleye,  from  Solbe^,  Norway,  SiOs  35-83, 
FeO.  32-14,  FeO  7-08,  MgO  8*60,  H.O  2204=100*19. 

Pyr.,  etc. — Yields  much  water.  B.  B.  fuses  with  difficulty  to  a  black  magnetic  slag.  With 
the  nuzes  giyes  reactions  for  iron.  In  hydroohloiio  acid  easily  decompoeed  without  gelatis- 
izinflr. 

Om. — Found  at  Longban,  Tunaberg,  Sweden ;  Biddarhyttan  ;  at  Degerd  {degeroUe)^  neii 
Helsingfors,  Finland. 

Ekhaivmitb. — Foliated,  also  radiated.  Color  green,  re^mbles  chlorite.  Analysis,  liget 
•trom,  SiO«  34*30,  FeO.  4*97,  FeO  35*78,  MuO  11*45,  MgO  2*99,  H,0  10*51=:=100.  WiU 
magnetite  at  Grythyttan,  Sweden. 

NsoTOCrrB. — Uncertain  alteration-products  of  rhodonite;  amorphoua.  ixntaiiii  20-31 
p.  o.  UnO.     Paisberg,  near  FUipstadt,  Sweden ;  Finland,  etc 

Giu^iNGrrs  ;  Sweden.     Jollyte  ;  Bodenmais,  BaTazia, 
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Vermicvlite  Group,* 

The  VBBMICULITK8  havo  a  micaceous  strnctiire.  Tliey  aro  all  unisilicates, 
having  the  general  quantivalent  ratio  Il4-ft :  Si  :  H=2  :  2  :  1,  the  water 
being  solely  water  of  crystallization.  The  varieties  differ  in  the  ratio 
of  the  bases  present  in  the  protoxide  and  sesquioxide  states.* 


Orthorhorabic  (?).  In  broad  crystals  or  crystalline  plates.  Cleavage :  basal 
eminent,  affording  easily  very  thin  folia,  like  mica.  Surface  of  plates  often 
triangularly  marked,  by  the  crossing  of  lines  at  angles  of  60°  and  120°. 

H.=l"5.  G.=2'30.  Lustre  pearly  on  cleavage  surface.  Color  dark 
vellowish-brown  and  brownish-yellow;  light  yellow  by  transmitted  light, 
^mnsparent  only  in  very  thin  folia.  Flexible,  almost  brittle.  Optically 
biaxial ;  DesCl. 

Oomp.— Q.  ratio  f or  B  :  R  :  Si :  H=2  :  8  :  5  :  2^,  and  BfR  :  Si :  H=2  :  2  :  Ij  whence 
B4{t9Si»02o+5aq.  AnalyBis:  Brash,  Westchester,  SiOa  3710,  t^IOs  17*57,  FeOt  lO'M,  FeO 
1-28,  MgO  1905,  CaO  056,  Na,0  tr.,  K,0  043,  H,0  13 -70=:  100  87. 

Fyr.,  etc.— When  heated  to  300"  0.  exfoliates  very  remarkably  (like  Yermionlite)  ;  B.B.  in 
foTceps  after  exfoliation  becomes  pearly-white  and  opaque,  and  ultimately  fuscR  to  a  dar*c 
giaj  mass.    With  the  fluxes  reactions  for  silica  and  iron.     Decomposed  by  hydrochloric  acid. 

Obe. — Occurs  in  veins  in  serpentine  at  Westchester,  Pa.     Plates  often  several  inches  across. 

Pyroscleritk.— Q.  nitio  for  B  :  ft  :  Si  :  H=4  :  2  :  0  :  3,  and  for  B-hft  :  Si :  H=2  :  2  :  1. 
Silica  88-0,  alumina  14'8,  ma^esia  34*6,  water  11*7=100.  Color  green.  Elba.  OnoNiCKiTS, 
also  Elba»  has  the  ratio  3:2:6:2. 

TRRMinuLrTB.— Q.  ratio  for  B  :  R  :  Si :  H=4  :  2  :  6  :  8.  Milbury»  Mass.  Gulsaqebitb. 
Q.  ratio  B  :  ft  :  Si :  H=2  :  1  :  1  :  1.  Jenk's  mine,  N.  0.  Hallitb,  same  ratio=2  :  1  :  3  :  2. 
East  Nottingham.  Chester  Co.,  Penn.  PELnAMiTR,  same  raiio=6  :  4  :  10  :  5.  Pelham, 
Mass.  Similar  mineral  from  Lenni,  Delaware  Co.,  Pa.,  above  ratio=0  :  4  :  10  :  5.  In  all  of 
the  above  it=Mg  mostly,  and  ft=i^l  and  Fe. 

KBRRrrE. — Q.  ratio=6  :  3  :  10  :  10 ;  and  MACONrrE,  Q.  ratio=8  :  6  :  8  :  5,  are  both  from 
Colaagee  mine,  Macon  Co.,  N.  C.     Vaalite,  Q.  ratio  =r 6  :  3  :  10  :  4.     South  Africa. 

DlABANTrTB,  Hfifjoes  (diabantachronnyn,  lAebe). — Fills  cavities  in  amygdaloidal  trap. 
Color  dark  green.  Q.  ratio  for  B  :  ft  :  Si  :  H=4  :  2  :  6  :  8,  but  iron  a  more  prominent  ingre- 
dient than  in  pyroederite  (see  above).  Analysis  :  Hawes,  Farmington,  Ct.,  f  Sid  33*68,  iUO« 
10*84^  FeO.  2*86,  FeO  24-33,  MnO  0'38,  CaO  0*78,  MgO  16*52,  Na,0  0*33,  H,0  10*02=99*68. 


SUBSILICATSS. 

ChJxyrite  Group. 

PBJNNINITU.    Elimmererita. 

Rhombohedral,  RNR-^h''  36',  6?  A  ^  =  103^  55;  <5  =  34951. 
Cleavage;  basal,  highly  perfect.  Crystals  often  tabular,  and  in  crested 
gronps.  Also  massive,  consisting  of  an  aggregation  of  scales ;  also  com-^ 
pact  cryptocrystalline. 


«K 


^  These  relations  were  brought  oat  by  Cooke.    Proo.  Amer.  Aoad.,  Boetcn,  187 1»  8S  \ 
IMd.,  1875,  458. 
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DssoBipnra  wnebaloot. 


H.=2-3'5 ;  8,  at  times,  on  edges.     G.=2-6-2-85.     Lnstre  of  vieange 
BQrface  pearly  ;  of  lateral  pistes 
158  -vitreooB,  and  sometimes  brilliniit. 

Color  green,  apple-green,  grass- 
green,  gray  ish-green ,  oli  ve-green; 
also  reddish,  violfit,  roee-red, 
pink,  grayiBh-red  j  occasioDaUy 
yellowish  and  silver- white;  violet 
crystals,  and  sometiniee  the 
green,  hyacintli-red  by  trans- 
niitted  light  along  the  Tertical 
axis.  Transparent  to  snbtranslueent.  Lamina  flexible,  not  elastic  Dnnble 
refraction  feeble  ;  ajtiB  either  negative  or  positive,  and  sometimes  posiUvA 
and  negative  in  different  laminae  of  the  same  plate  or  crystal. 

Oomp. — Q.  ntio  for  bMM  Mid  tdlicon  4  :  8,  bat  nrjing  from  4  :  8  to  S  :  4.  Ezkot  dedno- 
timu  from  Uie  analTieii  oumot  be  made  iiiitil  the  etate  of  ozidktion  of  the  iroa  in  all  oue*  ii 
aaoerUmed.  AnalTiu :  Bchweiutr,  from  Zemiatt,  SiOi  8307,  AIOi  6-69,  FeO  1186,  MgO 
83-S4.H,O13-6fi=&0-O6. 

Pyr^  ate— In  the  oloeed  tnbe  jielda  water.     B.B,  exfoliates  sontevhat  and  ia 
fnaible.     With  the  flnxea  all  Taiieties  give  reactioiiH  for  iron,  and  roan;  Tarietiea  n 
dhiODiiniiL     Partiallj  dsoompoaed  by  acBa. 

Ob*. — Ooonn  with  aerpentine  in  the  region  of  Zermatt,  TaUia,  near  Kt.  Soaa ;  at  AU, 
^edmoat ;  at  SohwaizeiiBteiii  in  the  Tyrol ;  at  Taber^  in  Wermland  ;  at  Snaram.  Jfdm- 
mtreritt  is  fuond  netu:  Hiask  in  the  Urala;  at  Hnroldawick  in  Unit,  Shetland  Isles.  Abnn- 
dant  at  Texas,  Lancaster  Oo.,  Pa.,  sIode  with  olinoohlore,  spme  oiyetals  being  imbedded  ia 
olinooblore,  or  the  lerene. 

The  following-  names  belong  ben:  tabergite;  pKudophita,  compact,  muaiTe  (ofliipttb); 
bganiU. 

DtUtfiU,  auraJiU,  ajAroiidtrite,  oAteropliaile  aie  obloritdo  minerala,  oocnming  nnder  tlmi- 
br  ODuditionB,  in  amygdaloid,  eto. 


RlPlUOIXffi.    Clinoohlon.     KlinooUot,  Otrm, 

Monoclinic.  C=  62"  5r  =  OAir4,  7a/=125''  37',  (?A44  =  108» 
14' ;  i  I  b  I  d  =  1-47756  : 
1-73195:1.  Cleavage:  0 
eminent ;  vrvstala  often  tab- 
ular, also  oblong ;  frequent- 
ly rhombohedral  in  aspett, 
tne  plane  angles  of  the 
base  being  60^  and  120°. 
Twins:  twinning-plane  *, 
making  stellate  groups,  as  in 
f.  656,  657,  very  common. 
Crystals  often  grouped  in 
rosettes.  Hassivecoarsescaly 
granular  to  finfl  granular  and 
AohmatoTsk.  AchioatoTsk.  earthy. 

H.=2-3-5.  G.=2-65-3-ra 
Lmtre  of  cleavage-face  somewhat  pearly.  Color  deep  grass-green  to  olive- 
green  ;  also  rose-red.  Often  strongly  dichroic.  Streak  greenish-while  to 
nncf^ored      Transparent  to  translucent.     Flexible  and  somewhat  elastic. 
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Oomp. — Q,  ntio  for  K  :  9  :  St :  H=S  :  8  :  6  :  4 ;  coneBpondiiif  to  Ug.AlSiiOu  -K4aq£i 
flillim  S2'S,  Klnmina  186,   xuigiieBU  86-0, 

nter  13-0=100.     SometimeB  part  of  the  H^  950  (57 

I*  raplaoed  by  Fe. 

P^^  ato.— Tialdi  water.  B.B.  in  the 
pUtmoni  fOEoeps  whitena  and  fnaes  with 
difficnltj'  on  the  edges  to  a  gmTJih-bUok 
glMS.  With  bom  a  dear  glass  colored  by 
iron,  and  ■ometimea  chromimn.  In  snl- 
phnrio  aoid  wholly  deoompoaed.  The  Toiietj 
from  Willimantio.  Ct.,  extoliatea  In  worm- 
like  foima,  like  Teimianlile. 

Oba. — Oocnra  in  connection  with  chtorido 
and  tidooae  rock*  or  schiat,  and  serpentine.  -WartcheBter.  TaiaM. 

Found    at    AohmatOTsk ;    Sohwanenatein ;  newcneawr.  lozia. 

Zillerthal,  eto.  ;  red  (liotiehulieUe)  in  the  dis- 

tdot  of  t7faleisk,  Bonthem  UibI;  at  Ala,  Piedmont;  at  Zermatt;  at  Harienberp,  Saxony. 
In  the  U.  S.,  at  Westobeater  and  TJnionTiUe,  and  Teias,  Pa.  ;  Btewater,  If.  Y. 

Ntuned  ripidoiiU  from  puric,  a  fan,  iu  alliuioii  to  a  oommon  mode  of  gronping  of  the  my*- 
tale. 

le  baae  almott  wholly  magnedft. 


Hexaeonal  (?).     Cleavage :  basal,  eminent.     Crystals  often  implanted  bj 
their  &i<iee,  and  in  divergent  groups,  fan-shaped,  or 
spheroidal.     Also  in  large  folia.     Massive  granular,  668 

H.  =  l-2.  G.=2-78-2-96.  Translucent  to  opaque; 
transparent  only  in  very  thin  folia.  Lustre  of 
cleavage  surface  feebly  pearly.  Color  green, 
grasB'gi'eeu,  olive-green,  blackish-green ;  across  the 
axis  by  transmitted  light  sometimes  red.  Streak 
uncolored  or  greenish.  Laminee  flexible,  not  elastic. 
Double  refraotion  very  weak ;  one  optical  negative 

axis   (Dauphiny) ;  or  two  very  slightly  diverging,  apparently  normal  to 
plane  of  cleavage. 

'2.     Averan 
ir  10-7=ll». 

n  mode  of  occonrenoe.  Sometimea  in  implanted  cryatala,  oa  at 
St  Oothud,  eto.  ;  in  the  Zillerthal,  Tyrol;  Traveraella  in  Piedmont;  in  Styriit.  Bohemia. 
Alao  miuaiTe  in  Oorawall,  in  tio  reinB  (where  it  ia  called  ptaeh] ;  at  Arendal  in  Norway. 

CBONffTEDTiTE.— Q.  ratio  R  :  R  :  Si :  H=8  :  3  :  4  :  S.     Praibram;  ComwaU. 

STRIOOVrrE.—Q.  ratio=3  13:4:3.  In  granite  of  Sttlegan,  Silesia.  Gbochauitb  Mua 
looaUtj. 


MARQARITB.    Perlglimmer,  (?«rm. 

Orthorhombic  (?) ;   hemihedral,  with  a  monoclinic  aipect.     /A  1=  119°- 
120°.   Lateral  planes  horizontally  striated.  Cleavage: 
baaal,  eminent.     Twins:  common,  com  position -See  6Sg 

/,  and  fonning,  by  the  creasing  of  3  crystals,  groups 
of  6  sectore.  Usually  in  intersecting  or  aggregated 
laminaj ;  sometimes  massive,  with  a  scaly  structure. 

H.=3-5-4-5.  G.=2-99,  Hermann.  Lustre  of 
base  pearly,  laterally  viti-eoiis.  Color  grayish,  red- 
di>li-ffhit«, yellowish.    Translucent,  subtranslui-ent.    Laimnte  rather  brittla 
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Optio-axial  angle  very  obtuse ;  plane  of  axes  parallel  to  the  longer  diagonal ; 
dispersion  feeble. 

Comp.— Q.  ratio  for  R  :  B  :  Si :  H=l  :  6  :  4  : 1 ;  whence,  if  the  water  he  bafiic,  for  baaeii 
and  Bilioon=2  : 1,  formula  BBSiOc ;  that  is,  HiOa^ltSiada.  AnalysiB,  Smith,  Chester,  Mao., 
SiOt,  82-21,  AID,  48-87,  FeO,  2-60,  MgO  0-32,  CaO  1002,  Na«0(K.O)  1-91,  H,0  4-61,  Li,0 
0-82,  MnO  0-20=100-96. 

Pyr^  etc.— YielcU  water  m  the  closed  tube.    B.B.  whitens  and  fuses  on  the  edges. 

Obs.— Maigarite  occurs  in  chlorite  from  the  Greiner  Hts. ;  near  Stening  in  the  Tyrol ;  al 
different  looidities  of  emery  in  Asia  Minor  and  the  Grecian  Archipelago ;  with  comndam  io 
Delaware  Co.,  Pa. ;  at  Unionville,  Chester  Co.,  Pa.  {corunddlite)  \  in  Madison  Ca  {fMng- 
vumiU)^  and  elsewhere  in  North  Carolina ;  at  the  emery  mines  of  Chester,  Mass. 


OHIiORITOID. 

Monoclinic,  or  triclinic  /A  /'  about  100®  ;  O  (or  cleavage  snrface)  on 
lateral  planes  93**-95^,  DesCl.  Cleavage:  basal  perfect;  parallel  to  a 
lateral  plane  imperfect  Usually  coarsely  foliated  massive ;  folia  oftei 
curved  or  bent,  and  brittle ;  also  in  thin  scales  or  small  plates  disseminatec 
through  the  containing  rock. 

H,=5'5-6.  G.=8'5-3"6.  Color  dark  gray,  greenish-gray,  greenish- 
black,  grayish-black,  often  grass-green  in  very  thin  plates ;  strongly  diclux)ic. 
Streak  uncolored,  or  grayi3i,  or  very  slightly  greenish.  Lustre  of  surface 
of  cleavage  somewhat  pearly.     Brittle. 

Var. — ^1.  The  original  cfdoritoid  (or  chloritspath)  from  Kossoibrod,  near  Kathaiinenbaig  in 
*he  UraL  2.  The  Sitmandine,  from  St  Marcel.  8.  MasoniU^  from  Katie,  R.  L,  in  reiy 
broad  plates  of  a  dark  grayish-green  color.  The  Canada  mineral  is  in  small  plates,  one-fonrtb 
In.  wide  and  half  tijps  thick,  disseminated  through  a  schist  (like  phyllite),  and  also  in  nodnlei 
of  radiated  stractore,  half  an  inch  through.  That  of  Gumuch-Dagh  resembles  sismondiDe,  ii 
dark  green  in  thick  folia  and  grass-green  in  very  thin. 

Oomp, — Q.  ratio  for  E  :  ft  :  Si :  H=l  :  3  :  2  :  1,  for  most  analyses.  Analysis  by  ▼.  EobeD, 
Bregratten,  SiO,  26  19,  ::^10.  38 '80,  FeOs  6  00,  FeO  21  11,  MgO  8'80,  H,0  6*50=100'40. 

I^n^.,  etc  — In  a  matrass  yields  water.  B.B.  nearly  infusible ;  becomes  darker  and  magne- 
tic. Completely  decomposed  by  sulphuric  acid.  The  masonite  fuses  with  difficulty  to  a  dark 
green  enamel. 

Obs. — The  KosRoibrod  chloritoid  is  associated  with  mica  and  cyanlte ;  the  St.  Marcel  ocean 
in  a  dark  green  chlorite  schist,  with  garnets,  magnetite,  and  pyrite ;  the  Rhode  Island^  in  an 
azi^laceous  schist ;  the  Chester,  Mass. ,  in  talcose  schist,  with  emery,  diaspore.  etc. 

JPhylUte  (and  ottrelite)  closely  resembles  chloritoid,  though  the  analyses  hitherto  made  show 
a  wide  discrepancy,  perhaps  from  want  of  purity  in  the  material  analyzed.  Occurs  in  small, 
oblong,  shining  scales  or  plates,  in  argillaceous  schisU  Color  blackish  gray,  greenish-gsay, 
black.  Phyllite  occurs  in  the  schist  of  Sterling,  (Goshen,  Chesterfield,  Plaiufield,  etc.,  in 
Massachusetts,  and  Newport,  R.  L  {newportUe),     OttrdUe  is  from  a  similar  rock  near  Ottrei. 

Setbeiitite. — ^Orthorhombic.  I.\l=  120''.  In  tabular  crystals,  sometimes  hexagonal; 
also  foliated  massive  ;  sometimes  lamellar  radiate.  Cleavage :  basal  perf ecL  Structure  this 
foliated,  or  micaceous  parallel  to  the  base.  H.  =4-5.  Ct.  =8-8*1.  Lustre  pearly  submetaUii^ 
Color  reddish-brown,  yellowish,  copper-red.  Folia  brittle.  Analysis,  Brush,  Amity,  SiOs 
80-24,  AID.  89  18,  FeO«  8'27,  MgO  20  84,  CaO  13-69,  H,0  1-04.  Na,0,KsO)  143,  ZrOa0-75=: 
100-39.     Amity,  N.  Y.  {cUntoniU) ;  Fassathai  (brandisUe);  Slatoust  (zanUiophytiUe). 

CoRUMDOPHiLiTB. — A  chlorite  with  the  Q.  ratio =1  :  1  :  1  :  }.  Occurs  vrith  ccmndam  at 
Asheville,  N.  C;  Chester,  Mass. 

DnDLETiTE. — Alteration  product  of  maigarite.    Clay  Co.,  N.  C. ;  Dudleyville,  Ala. 

WiLLCOXiTE. — Near  margarite.  Decomposition  product  of  corundum.  Q.  ratio  for  R :  fi ! 
Bi :  H=:8  :  6  :  5  :  1. 

TnuBiNGiTE.— Q.  ratio  2:8:3:2.  Contains  principally  iron  (Fe  and  Fe).  Hot  Springi^ 
Arkansas ;  Harper's  Feny  {owenite).    PatterwrnU  from  Unionville,  Pa.,  near  thuringite. 
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8.  TANTALATES,  COLUMBATES. 


Isometric.  Commonly  in  octahedrons.  Cleavage:  octahedral,  soxne^ 
times  distinct,  especially  in  the  smaller  crystals. 

H.=5-6-5.  Gr.=4-2-4'35.  Lustre  vitreous  or  resinous.  Color  brov/n, 
dark  reddish-  or  blackish-brown.  Streak  light  brown,  yellowish-brov//!, 
Subtranslucent— opaque.    Fracture  conchoidal. 

Comp. — A  oolumbate  of  calcium,  oeriam,  and  other  bases  in  varying  amounts.  Anal/AS, 
by  BammeUbeig,  Brevig,  Gb,0»  5827,  TIG,  538,  ThO,  4*96,  CeO  550,  CaO  1093,  FeO(UO.) 
6*53,  Na,0  6-81,  F  8-76,  H,0  1-63=10M6. 

Ob8«— OocnzB  in  syenite  at  FriedericbsTom  and  Laurvig,  Norway ;  at  Brevig ;  near  Miask 
fai  the  Urals ;  Kaiserstahlgebiige  in  Breisgau  (koppite) ;  with  samanJcite  in  N.  Carolina  (G.= 
4*794,  chemical  character  unknown). 

MiCBOLiTE.* — In  minute  yellow  octahedrons  in  feldspar.  G.=5'5.  Near  pyrochlore,  bni 
probably  containing  more  tantalum  pentozide.     Ghestorfteld,  Mass. 

Ptariiitb. — ^In  isometric  octahedrons.  Color  orange-yeUow.  Chemical  character  un- 
known. From  Mursinsk  in  the  Ural.  A  mineral  supposed  to  be  similar  from  the  Azores 
oontains  essentially,  according  to  Hayes,  columbium,  zirconium,  etc. 

Azoarrs. — In  minute  tetragonal  octahedrons  resembling  siroon.  From  the  Azores  in  albittt. 
Chemical  character  unknown. 


/A/=10r  82', 
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TANTAUTB.* 

Orthorhombic.    Observed  planes  as  in  the  figure. 
O A 14=  122°  8i';  6:6:4=  1-5967  : 1-2247  : 1.     (9 A 
l-J  =  117°  2',  a  A 1-2  =  143^  6i\  1-2  A 1-2,  adj.,  =  141° 
48',  i-iAi-J  =±  118°  83'.      Twins:  twinning-plane   i-lj 
common.    Also  massive. 

H.=6-6-5.  G.=7-8.  Lustre  nearly  pure  metallic, 
Somewhat  adamantine.  Color  iron-black.  Streak  red- 
dish-brown to  black.    Opaque.    Brittle.  . 

Oomp.,  Var^— A  tantalate  either  (1)  of  iron,  or  (2)  of  iron  and 
maaganeBe,  or  (3)  a  staano-tantalate  of  these  two  baflea.  Formula 
Fe(]ln)Ta«0«.  Sn  is  also  often  present  (as  FeSnOs.  aoooiding  to  Bam- 
mdabeiiBr),  and  some  of  the  tantalum  is  often  replaced  by  columbium. 
Analysis,  Bamm.»  Tammela  (G.  =7*384),  Ta^Ok  7G-34,  Gb^Os  7'54, 
BnOt  0*70.FeO  13-90,  MnO  1*42=90*90.  Other  yarieties  contain  much 
more  CbiOt,  the  kinds  shade  into  one  another. 

Pyr.,  etc. — B.B.  unaltered.  With  borax  slowly  dissolved,  yielding  an  iron  glass,  whioh.  al 
a  certain  point  of  saturation,  gives,  when  treated  in  R.F.  and  subsequently  flamed,  a  gray- 
ish-white bead;  if  completely  saturated  becomes  of  itself  dordy  on  cooling.  With  s^t  of 
phosphorus  dissolves  slowly,  giving  an  iron  glara,  whioh  in  B.F.,  if  free  from  tungsten,  is 
pale  yellow  on  cooling ;  treated  with  tin  on  charcoal  it  becomes  green.  If  tungsten  is  present 
the  bead  is  dark  red,  uid  is  unchanged  in  oolor  when  treated  with  tin  on  charcoaL  With 
toda  and  nitre  givea  a  greenish-blue  manganese  reaction.  On  charcoal,  with  soda  and  soffi- 
<unt  boiaz  to  diasolve  the  iron,  gives  in  B.F.  metaUio  tin.    Decomposed  on  fusion  wi^h 
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potafliiam  bisnlphate  in  the  platinum  spoon,  and  gives  on  treatment  with  dilnte  hydrocUoile 
add  a  yellow  solution  and  a  heary  white  powder,  which,  on  addition  of  metallio  zino,  assniBM 
tt  smalt-blne  color ;  on  dilation  with  water  the  bine  oolor  soon  disappeaxa  (▼.  Kobell). 

Obs. — TantaUte  is  confined  mostly  to  albite  or  oligodase  granite,  and  is  usually  associated 
with  beryL  Occurs  in  Finland,  at  several  places  j  in  Sweden,  in  Fahlnn,  at  Broddbo  and 
Finbo ;  in  France,  at  Chanteloube  near  Limoges,  m  pegmatite ;  in  North  Carolina. 

Named  TantaUte  by  Ekeberg,  from  the  mythic  Tantalus,  in  playful  allusion  to  the  diiBcal- 
ties  (tantalinng)  he  encountered  in  his  attempts  to  make  a  solution  of  the  Finland  mineral  id 
acidic 

OOLUMJUTU.*  Niobite.     Ferroilmenite. 

Orthorhombic.  /A/=10r  26',  OAl.i  =  134^  68^;  ^:X:4  = 
1-0038  : 1-2225  : 1.  O A 14  =  140°  36',  OAl-i^lSS""  26',  i-iAM  = 
104°  30',  l.«  A  l-«,  adj.,  =  151°,  irH  A  t-8,  ov.  i-i,  =  135°  40',  i-2  A  i-2,  ov.  iA, 
=  185°  80'.  Twins :  twinning-plaue  2-i.  Cleavage :  i-l  and  t-i,  the  fonner 
inofit  distinct.    Occurs  also  rarely  massive. 
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Haddam. 


Greenland. 


Middletown,  Gomu 

H.=6.  G.=5'4-6'5.  Lustre  snbmetallic ;  a  little  shining.  Color  iron- 
black,  brownish-black,  gitiyish-black ;  often  iridescent.  Streak  dark  red  to 
black.    Opaque.     Fracture  subconchoidal,  uneven.    Brittle. 

Comp.,  Var. — FeGb3(Ta«)06,  with  some  manganese  repladnflr  part  of  the  iron.  The  ratio 
of  Cb  :  Ta  generaU7=8  : 1  (Bodenmais,  Haddam),  sometimes  4  :  1,  8  :  1,  10  :  1,  eta;  in  the 
Greenland  columbite  the  TatOs  is  almost  entirely  absent. 

Analyses,  Blomstrand,  (1)  Haddam  (G.=6-15),  (2)  Greenland  (G.=6-896). 


GbiOft 
51-58 

77-97 


TaaOft 
28-55 


WO, 

•0-76 

0-18 


SnO, 

ZrO, 

FeO 

MnO 

H,0 

0  84 

0-84 

18-54 

4-97 

016=100-19 

0-78 

018 

17-88 

8  51 

=  99-80 

Pyr.,  etc.— Like  tantalite.  Von  EobeU  states  that  when  deoompoaed  by  fusion  with 
oaustio  potash,  and  treated  with  hydrochloric  and  sulphuric  adds,  it  gives,  on  the  addition  of 
Einc,  a  blue  color  much  more  lasting  than  with  tantalite ;  and  the  vaxiety  dianite^  when 
simiiariy  treated,  gives,  on  boiling  with  tin-foil,  and  dilution  with  its  volume  of  water,  ■ 
sapphire-blue  fluid,  whUe,  with  tantalite  and  ordinary  columbite,  the  metallic  acid  remains 
undisBolved.  The  variety  from  Haddam,  Ct. ,  is  partiaUy  decomposed  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  to 
white,  light  gray,  or  yellow,  and  when  boiled  with  hydrochloric  add  and  metallic  zincitgivei 
a  beautiful  bhie.  The  remarkably  pure  and  unaltered  columbite  from  Arksnt-fiord  in  Greec* 
land  is  also  partially  decomposed  by  sulphuric  add,  and  the  product  gives  the  reaction  tesi 
with  line,  as  above. 

Obs. — Occurs  at  Babenstdn,  Bavaria;  at  Tirachenreuth.  Bavaria ;  at  Tammela in  Finland; 
at  Chanteloube,  near  Limoges ;  near  Miask  in  the  Ilmen  Xts.;  at  Hermanakfir,  near  BjdiriEfi^ 
tai  Finlaad  ;  in  Greenland,  at  Evigtok. 
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U>  tha  United  States,  at  Haddam,  ia  a  gnuilte  Teln,  and  near  Hiddletown,  Conn. ;  at 
Oheatezfleld,  Mam. ;  StandlBli,  Hej  Aoworth,  S.  E.  ;  also  Beveil?,  Maw. ;  Northfiold,  Haaa. } 
Rjmoatb,  N.  H.  ;  Qreenfield,  S.  X. 

The  0<Hia«atiout  oTTataU  an  nsnallj  lather  fragile  from  partial  change ;  whUe  thorn  of 
Qraanland  and  of  Maine  are  wty  Snn  and  haid. 

HsRHAJtHoLiTB  (Bhepard).— Fiom  the  colnmbiU  looality  at  Haddam,  Ct ,  and  a  varietf  of 
oolTimbite  due  tc  alteiation.  G.  =5  "SO.  Suppoeed  by  Eeimann  lo  contain  ' '  ilinBiiinin  "  pent- 
oxide  (n,Oi). 

Tafioutb.— Tetr.ifonaL    £=-6404  (rntile  i=-9i^).    FeTa,(Cb,)0.,  with  Ta :  Cb=4  1 1. 

HjeIiUITx. — A  abumo-tantalate  of  iion,  nianlnm  and  yttrinm.  Masaiv&  Color  Uaok 
H«W  Fahlnn,  Sweden. 


TTTROTAHTAUTXI.    Blaok  Tttrotantalita. 

Orthorhombic.    /A  /=  123°  10' ;  6»  A  24  =  lOS"  26' ;  d  :  5  :  d  =  2-0934 
:  1'8482  : 1.     OryatalB  often   tabular  parallel  to  i-f.  00^ 

Also  maeeive ;  amorphous. 

H.=5-6'5.  G.=5'i-5'9.  LiiBtre  snbmetallic  to 
vitreona  and  greasy.  Color  black,  brown.  Streak 
gray  to  colorlees.  Opaque  to  aubtranslacent.  Frac- 
ture email  conchoidal  to  granular. 

Oooqi.— Moetlj  R,(Ta,0b)iO„  with  two  eqnlvalenta  of  watei, 
perhaps  iiom  alt«Tation ;  B=Fa  :  Ca  :  T(Sr,Ce)=l  :  3  :  1.  Oon- 
tainincT  alw>  WOi  and  SnOi.  AnaljBJB  iRamm.).  Ytterby,  TaiOi 
W-35,  Cb,0, la-sa,  SnO,  113,  WO,  3-86,  UO,  1-61,Y0  1053,  BiO 
8-71,  PeO  3-80,  CeO  3-23,  Ca  6-78,  H,0  fl  31=98  95. 

Pyr.,  etc. — In  the  closed  tnbe  Tielda  water  and  tonm  yellow.  Ttterbj. 

On  interne  igpitton  becomes  white.     B.B.  infusible.     With  «alt  of 

phosphorus  dlBSolTes  with  at  first  a  separation  of  a  white  skeleton  of  tantalum  pentozldB, 
which  with  a  strong  heat  is  also  disaoWed  ;  the  black  variety  from  Ttterbj  gives  a  glass  faintly 
tinted  loee-red  from  the  preaenoe  of  tnngsten.  With  soda  and  borax  on  charcoal  gives  traoea 
of  metallio  tin  (Berxelios).  Not  decomposed  by  aoido.  Decomposed  on  fusion  with  potsa- 
siiim  Insnlphate,  and  when  the  pn>dnct  is  boiled  with  bydryohlorio  sold,  metallio  linogiveaa 
pale  Une  color  to  the  solatioD  which  soon  fades. 

Oba. — Oooiua  in  Sweden  at  Ttterbj ;  at  the  Eorarfret  mine,  eta,  neat  Fahlnn. 

aAMARSKITB.*  UnnotantaUte. 

Orthoi-hombic     /a /=  122°  46';    l-iAl-i  =  93°;    ^  :  2  :  <I  =  0-949  . 
1-833  :  1.      CrjBtale  often  flattened 

parallel  to  i-i,  also  less  often  to  i~i,  665  666 

Also  in  large  irregular  masses  (N. 
Carolina).  In  flattened  imbedded 
grains  (Urala). 

H.=5-5-6.  G.=5-614-5-75;5-4o 
-5-69,  North  Carolina.  Lustre  of 
surface  of  fi-acture  shining  and  anb- 
metallic.  Color  velvet-blaok.  Streak 
dark  reddieh-brown.  Opaque.  Fra<> 
turo  suljuondtioidal. 

NorUi  Oorolina. 
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CbaOft  TaaOft  WOs  SnOs  ThOaZxOsUOs  MnO  FeO     GeO*     TO    GaO    II«0 

1.  MitcheU 

Co.,  N.  a,  37-20  18.60 0-08 1246  0-75  10-90    425    14-45  0-55  1-12= 

UOj  100-80 

2.  MJaflk,  47-47   1-36  0-05  0-05  4-35  10-95 0-96  ll-38t  8-31    1261  0-78  0-45 

MgO  0'14=99-76 

•  With  LaO,  DiO. 
+  With  0-26  CaO. 

Pyr.,  etc. — ^In  tbe  doeed  tube  decrepitates,  glows  like  gadolinite,  cracks  open,  and  tazm 
bla(^.  and  is  of  diminished  density.  B.B.  fuses  on  the  edges  to  a  black  glass.  With  borax 
in  O.F.  gives  a  yellowish-green  to  red  bead,  in  R.F.  a  yellow  to  greenish- black,  which  on 
flaming  becomes  opaque  and  yellowish-brown.  With  salt  of  phosphorus  in  both  flames  an 
emerald -g^een  bead.  With  soda  yields  a  manganese  reaction.  Decomposed  on  fusion  with 
potassium  bisulphate,  yielding  a  yellow  mass  which  on  treatment  with  dilute  hydrochlorio 
acid  separates  white  tantalio  acid,  and  on  boiling  with  metallic  zinc  gives  a  fine  blue  color. 
Samarddte  in  powder  is  also  sufficiently  decomposed  on  boiling  with  concentrated  sulphuiic 
acid  to  gfive  the  blue  reduction  t«st  when  the  acid  fluid  is  treated  with  metallic  zinc  or  tin. 

Ob8.----0cour8  in  reddish-brown  feldspar,  near  Miask  in  the  Ural ;  the  pieces  having  the 
size  of  hazel-nuts.  In  masses,  sometimes  weighing  20  lbs. ,  in  the  decomposed  feldspar  of  the 
mica  mines  of  western  North  Carolina,  especially  in  Mitchell  Co.  At  both  localities  it  is 
often  intimately  associated  with  columbite ;  at  Miask  the  crystals  of  the  latter  species  aie 
sometimes  implanted  in  parallel  position  upon  those  of  the  samarskite. 

NOHLITE. — Near  samaiakite,  bat  contains  4*62  p.  a  water.    Nohl,  Sweden. 

3EIUXSNITB. 

Orthorhombic,  Form  a  rectangular  prism  with  lateral  edges  replaced, 
and  a  pyramid  at  summit.    Cleavage  none.     Commonly  massive. 

H.=6'5.  G.=4'60-4r*99.  Lustre  brilliant,  metallic-vitreous,  or  some- 
what greasy.  Color  brownish-black ;  in  thin  splinters  a  reddish-brown 
translucence  lighter  than  the  streak.  Streak-powder  yellowish  to  i-eddish- 
brown.    Fracture  subconchoidal. 

Oomp. — According  to  Eammelsberg  2RTiOs  +  RCbsOe+aq ;  here  R=Y,Fe,n  mostly. 
Analysis,  Ramm.,  Arendal,  CbaO*  85-09,  TiO,  21  16,  Y027-48,  ErO3-40,  UO,  4-78,  Ce0317, 
FeO  1-38,  H,0  2-63=0003. 

Obs. — Occurs  at  Jolster  in  Norway ;  near  Tvedestrand  ;  at  Alve,  island  of  Tromoen,  nesx 
Arendal;  at  Moretjiir,  near  Naskilen. 

Named  by  Scheerer  from  c{;(cyor,  a  stranger,  in  allusion  to  the  rarity  of  its  occurrence. 

iBscHTNiTB.— Orthorhombic.  H.=5>6.  G.  =4*9-5  14.  Lustre  submetallic  to  resinooB, 
nearly  duU.  Color  nearly  black.  Streak  gray.  Fracture  small  suboonchoidaL  AnaljBis, 
Eamm.,  CbaO.  2881,  TiO,  2264,  BnO,  018,  ThO,  15*75,  Fe0  317,  CeO  18  49,  LaO(DiO) 
5-60,  YO  1-12,  CaO  2*75,  H9O  1  -07=99*58.  In  feldspar  with  mica  and  Eircon.  Miask  in  tiie 
Urak. 

PoLYMiQNrTB.— Orthorhombic.  In  slender  crystals.  H  =0-6.  G.=4*77-4*85.  Lnstre 
brilliant.  Color  black.  Streak  dark  brown.  Fracture  perfect  conchoidaL  Composition 
doubtful.    Fredericksv&m,  Norway.    Perhaps  identical  with  aeschynite  (Frankenheim). 

POLYCBASB.— Orthorhombic  H.=5-5.  G.=6  09-512.  Lustre  bright.  Color  black. 
Stireak  grayish-brown.  Fracture  conchoidal.  Analysis,  Ramm.,  CbaOs  20*35,  Ta^Os 400, 
TiO,  26*59,  rO  2332,  FeO  2*72,  CeO  2  61,  UO,  7  70  H804  02=98*84.  In  crystals  in  granits 
at  Hitteroe,  Norway. 

Mengite. — Occurs  in  short  prisms.  H.  =5-5*5.  G.=5'48.  Color  iron-black.  Ooataiiii 
liroonium,  iron,  titanium.     In  granite  veins  in  the  Ilmen  Mts. 

BUTHBUFOSDITB. — Doubtful;  contains  titanium,  cerium,  etc.     Rutherford  Co.,  N.  0> 


FERGUBONZTB.*  Yellow  Yttrotant&lite.    l^rite.    Bragite. 

Teti^nal,  hemihedral.     O  A  1-t  =  124*"  20' ;  ^  =  1-464.    Cleavage:  1 
in  distinct  f races. 
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H.=5-5-6.    G.=5-838,  Allen;  5-800,  Turner.    Lustre  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic. 
Color  brownish-black;  in  thin  scales  pale  liver-brown.  " 

Streak  pale  brown.     Snbti*anslucent---opaque.    Frac- 
ture imperfect  conchoidal. 

Oomp« — ^Aocdrding  to  Bammelsbei^,  essentially  Bs(0b,Ta)9Os. 
Analysia,  Bamm.,  Greenland,  Gb^Oft  44*46,  Ta«0»  6*80,  SnOa  0*47, 
WO,  0-16,  YD  24-87,Er09-81.  Ce07-68  (SeS  LaO,DiO),  UO,  2*58, 
PeO  0'74,  OaO  0*61,  H«0  1-40~99'10.  The amoant  of  watez yaries 
from  1  -49-7  p.  a,  and  is  regarded  by  Bammelsbeig  as  arising  from 
alteration. 

Oba« — Fergtuonite  occnrs  near  Gape  Farewell  in  Greenland,  dis- 
seminated in  quarts.  Also  found  at  Ytterby,  Sweden  ;  in  Silesia. 
Bragite  is  from  Helle,  Alve,  and  elsewhere  in  Norway.  Tyrite  is 
asBOoiated  with  euxenite  at  Hami)emyr  on  the  island  of  Tromoe, 
and  Helle  on  the  mainland ;  at  NiBskul,  about  ten  miles  east  of 
Arendal. 

KocHELiTB. — ^Near  fergosonite.     In  yeUow  square-ootahedzons  and  omsts  in  granitOs 
Eochelwiesen,  near  Schreiberhau,  Silesia. 

ADKLFHOLrrs. — A  oolumbate  of  iron  and  manganese,  oontalning  41*8  p.  o.  of  metallic 
icidfl^  aod  9*7  p.  a  of  water.    Tetragonal    H.  =8^(M*5.    O. =8*8l    Tammcla,  Finland. 
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8.  PHOSPHATES,  AESENATES,  VANADATES,  ETC. 
Akbydbous  Phosphates,  Abssnates,  Era 

XBNOnBffS.    Yttexspathf  Oerm, 

Tetragonal.     (;a1  =  138^45';  c  =  0-6201.    1 A 1  ^  pyram.,  =  124^  26' ; 

basal,  =  82®  30'.    Cleavap :  i,  perfect 
668  H.=4-6.      G.  =4'45-4'56.      Lustre    resinons. 

Color  yellowish-brown,  reddish-bi-own,  hair-brown, 
flesh-red,  grayish-white,  pale  yellow ;  streak  pale 
bi-own,  yeflowish,  or  reddish.  Opaque.  Fracture 
uneven  and  splintery. 


Comp.~TsP808=Pho8phonui  pentozide  (PaOs)  d7'87,  ytfciu 
68-18=100. 

Pyr.,  etc. — ^B.  B.  infasible.     When  moistened  with  snlplinzio 

moid  colors  the  flame  bluish-green.    Difflcoltly  solnble  in  salt 

of  phosphoras.     Insoluble  in  acids. 

Obs. — From  a  granite  rein  at  Hitteroe  ;  at  Ytterby,  Sweden  ;  St  Gofchard ;  Binnenthal 

In  the  U.  S.,  in  the  gold  washings  of  Glaiksville,  Georgia ;  in  McDowell  Co.,  N.  0.:  in  the 

diamond  sands  of  Bahia,  Brazil.     The  toismine  of  Kenugott  has  been  shown  by  EQem  to  be 

ootohedrite  (vide  p.  255). 

OBTFTOLrrB  {PhoipfuHjerife). — GeaPaOe  (with  some  Di),  like  monazite.    Oconn  in 
grains  imbedded  in  apatite  at  Arendal ;  Siberia. 


Apatite  Orov/p.  ' 


APATTTB.* 


Hexagonal ;  often  hemihodral.     <?  A 1  =  189^  41'  38",  Kokscharof ;  h  = 
0-734603.    O  A  2-2  =  124**  14i'.  Cleavage :  O,  imperfect ;  /,  more  so.   Also 
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St.  Oothaxd. 


globular  and  renifoi-m,  with  a  fibrons  or  imperfectly  columnar  stractorei 
also  massive,  sti  icture  gi-anular. 
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fl.=5,  Bometimes  4*5  when  rnassive.  G.=2'92-3'25,  Lnetre  vitreous, 
iDclining  to  siibreBinous.  Streak  white.  Color  usually  sea-s^reeu,  bluish- 
frreeu  ;  often  violet-blue ;  sometimes  white ;  occasionally  yellow,  gray,  red, 
flesh-red,  and  brown ;  none  bright.  Transparent—- opaque.  A  bluish 
opalescence  sometimes  in  the  direction  of  the  vertical  axis,  especially  in 
^ite  varieties.    Cross  fracture  conchoidal  and  uneven.    Brittle. 

Var.— 1.  OrtUtiory,  GzystaUked,  or  deayable  and  grannlar  maasive.  (a)  The  atparagut 
done  (originally  from  Mnroia,  Spain)  and  moraxiU  (from  Arendal)  are  ordinary  apatite.  The 
former  waa  yeUowish-green,  as  the  name  implies ;  the  latter  was  in  greeniah-blue  and  Uniah 
oryatala ;  arid  the  names  have  been  nsed  for  apatite  of  the  same  shades  from  other  plaoes. 
d.  F*ibrou$^  eaneretUmary^  ttaiactitio.  The  name  PnMphorite  was  nsed  by  Kirwan  for  all  apatite, 
bat  in  his  mind  it  espe<»ally  included  the  fibroas  oonoretionaiy  and  partly  soaly  mineral  from 
Estremadnra,  Spain,  and  elsewhere.  8.  Fluor-oipatite^  O/Uor-apatUe,  Apatite  also  varies  as 
to  ttke  proportion  of  fluorine  to  ohlorine,  one  of  these  elements  sometimes  replacing  nearly  ok 
wholly  the  other. 

Oomp. — The  formulas  of  the  two  varieties  are  8GatP]iOt  +  CaGli=:  Phosphorus  pentozide 
40-92,  lime  58-80,  ohlorine  6 -82= 101 '54;  and  8GaaP80e+GaFs=Pho8phorus  pentozide  42*26, 
lime  55*55,  fluorine  8*77=101*58.  Sometimes  both  calcium  chloride  (GaGU),  and  caldum 
fluoride  (GaFa),  are  present. 

Pyr*,  etc. — ^B.B.  in  the  foroeps  fuses  with  difficult  on  the  edges  (F.  =4*5-5),  coloring  the 
flame  reddish-yeUow  ;  moistened  with  sulphuric  add  and  heated  colors  the  flame  pale  bluish- 
green  (phoqshorio  acid) ;  some  varieties  react  for  chlorine  with  salt  of  phosphorus,  when  the 
bead  has  been  previoudy  saturated  with  copper  oxide,  while  others  give  fluorine  when  fused 
with  this  salt  in  an  open  glass  tube.     Gives  a  phosphide  with  the  sodium  test. 

Dissolves  in  hydrochloric  and  nitric  add,  yielding  with  sulphuric  add  a  copious  predpitate 
of  caldum  sulphate ;  the  dUute  nitric  add  solution  gives  with  lend  acetate  a  white  predpi- 
tate,  which  B.  B.  on  charcoal  fuses,  giving  a  globule  with  crystalline  facets  on  cooling.  Some 
varieties  of  apatite  phosphoresce  on  heating. 

IM& — Gharacterized  by  its  hexagonal  form.  Distinguished  by  its  softnes?  from  beryl ; 
does  not  effervesce  with  adds  like  the  carbonates ;  unlike  pyromorphite,  yields  no  lead  B.B, 

ObSi^ — ^Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  most  common  in  metamor- 
phic  crystalline  rocks,  especially  in  granular  limestone,  granitic  and  many  metatUf  erous  veins, 
particularly  those  of  tin,  in  gneiss,  syenite,  homblendic  gneiss,  mica  schist,  beds  of  iron  ore; 
oocadonally  in  serpentine,  and  in  igneous  or  yoloanic  rodcs ;  sometimes  in  ordinary  stratified 
limestone,  beds  of  sandstone  or  shale  of  the  Silurian,  Garbonif  erous,  Jurasdo,  Gretaceous,  ok 
Tertiaiy  formations ;  also  in  microscopic  crystals  in  many  igneous  rocks,  doleryte,  etc.  It 
haa  been  observed  as  the  petrifying  material  of  wood. 

Among  its  prominent  localities  are  Bhrenfriedersdorf  in  Saxony:  region  of  St.  Gothaxd 
in  Switzerland;  Mussa-Alp  in  Piedmont;  Untersulzbachthal  and  elsewhere  in  the  Tyrol: 
Bohemia ;  in  Ei^land,  in  Gomwall,  with  tin  ores ;  in  Gumberland ;  in  Devonshire  ;  at  Wheal 
Franco  {fraueoUU)^  eta  The  varieigr,  moroaciU^  occun  at  Arendal,  Snarum,  etc.,  in  Norway. 
The  atparagus  iUms  or  SpargeUUin  of  Jumilla,  in  Murda,  Spain,  is  pale  yellowish-green  in 
color;  and  a  varied  from  2U]lerthal  is  wine-yellow.  The  pho9phtmte,  or  masdve  radiated 
variety,  is  obtained  abundantly  near  the  junction  of  granite  and  argiUyte,  in  Estremadura 
Spain  *  at  Schlackenwald  in  Bohemia ;  at  Krageroe,  eto. 

In  JBOM.,  at  Norwich;  ai  Bolton,  and  elsewhere.  In  Ifew  YorK  in  St  Lawrence  Go.,  in 
flrranular  limestone ;  in  Rosde ;  SanPord  mine,  Essex  Go. ;  near  Edenville,  Orange  Go.  In 
New  Jeney^  near  Suokasunny, ;  Mt  Pleasant  mine,  near  Mt.  Teabo ;  at  Hurdstown,  Sussex 
Co.  In  FenT^,  at  Leiperville,  Delaware  Go.;  in  Chester  Go.  In  DeUHDarey9,t  Dixon*  s  quarry, 
Wilmington.  In  Canada^  in  North  Elmsley,  and  passing  into  South  Burgess ;  sini^  in 
Boas ;  at  the  foot  of  Galumet  Falls ;  at  St.  Boch,  on  the  Achigan. 

Apatite  was  named  l^  Werner  from  &irar«U,  to  deceive^  dder  mineralogists  having  referred 
it  to  aquamarine,  dujtolite,  amethyst,  fluor,  schorl,  etc 

OsTSOLTTB  is  masdvo  impure  idtered  apatite.  The  ordinaiy  compact  varied  looks  like 
lithographic  stone  of  white  to  gray  odor.    It  also  occurs  earthy.     Hanau. 

OUANO — Guano  is  bone-phosphate  of  caldum,  or  osteolite,  mixed  with  the  hydrous  phos- 
phate, brushite,  and  genendly  with  some  carbonate  of  calcium,  and  often  a  littie  magnesia, 
alumina,  iron,  silica,  gypsum,  and  other  impurities.  It  often  contains  9  or  10  p.  a  of  water. 
It  is  often  granular  or  oolitic ;  also  compact  through  consolidation  produced  by  infiltrating 
waters,  in  which  case  it  is  frequently  lamellar  in  structure,  and  also  oocadonally  stalagmitie 
and  sfailaotitia  Its  colors  are  usually  grayish-white,  yellowish  and  dark  brown,  and  some* 
llmee  reddish,  and  the  lustre  of  a  surface  of  fracture  earthy  to  resinous. 
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PBOaPOATtO  NoDULBB.  COFBOLirxs. — Phaephatio  nodnlei  oocnr  In  11U117  foadifmnii 
rocks,  whinh  are  probablr  in  all  cuen  of  organic  origin.  The;  eometimM  premnt  a  qdnl  01 
other  inteiior  atractare,  derived  from  the  animal  aT^anization  that  afforded  them,  and  in 
nch  oaMB  their  oopiolicio  origin  is  unquestionable.  In  other  oasea  there  it  no  Htrnctnie  to  aid 
in  deciding  whether  the;  are  true  ooprolitei  or  not. 

PTROHORFHITE*  QrOnbleisix,  Otrm, 

HexaffonaL  ITemihedral.  (9a1  =139°  S8' ;  c=  0-7362.  Clea%-8go: 
1  iiiid  1  in  ti'aces.  /  f^mmonlj  etnated  horizoutaUy.  Often  globniar, 
reniform,  and  hntryoidal  or  verruciform,  with  usually  a  BobcolnmnarBtmo 
tare ;  also  iibrona,  and  granular. 

H.=3'5-4.  G.=:6'5-7"l,  mostly  wlien  without  lime;  5-6'5,  when  con- 
taining lime.  LuBtro  resiiiona.  Color  green,  yellow,  and  brown,  of  differ- 
ent shades;  sometimes  wax-yellow  and  fine  orange-yellow;  also  grayish 
white  to  milk-white.  Streak  white,  sometimes  yellowish.  Snbtniiisparent 
— Bnbtranslucent.     Fracture  snbcouchoidal,  nneven.     Brittle. 

Comp^Anali^COtii  to  apatite,  8Pb|PiOi-l-PbCl,=PhosphotaepentoxJ:de  11-71,  lead  oxide 
B9-S7,  ^orine2-S2=100'60.  Some  varietieaoontainarsenia  replacing  part  of  Lhe  phoaphomi, 
and  others  calciam  replaoing  the  lead. 

Pjrr.,  oto. — In  the  closed  tabegivesa  white  Bnblimate  of  lead  cfaloride.  B.U.  intheforcei* 
fnaea  eanl]' (F.  =  1-5),  coloring  the  flame  blaish-green  ;  on  cbarooal  fnaea  without  redodioii 
to  a  globule,  which  on  cooling  sasninea  a  orjigtalline  polyhedral  form,  while  the  ooal  is  coated 
whit«  from  the  chloride,  and,  nearer  the  OBe&y,  yellow  from  lend  oxide.  With  Boda  on  t^aiooiJ 
yields  metallic  lead  ;  aome  variatieB  contain  arsenic,  and  give  the  odor  of  garlic  in  B.F.  on 
ohaicoal.  With  salt  of  phosphoniH,  previonHly  Batnnited  with  copper  oxide,  giTee  an  anm- 
bloe  color  to  the  flame  when  treatod  in  O.  F.  (objorine).     Soluble  in  nitrio  odd. 

Difi. — Chsraot«rized  by  its  high  specific  graTit^,  and  pyrognoatica. 

Oba. — Pyromorphite  oooonjpriQoipaUjinTeiiiB,and  accompanies  otheroree  of  lead.  Oecob 
in  Saxony  ;  at-Przibram,  Hiea,  and  Bleietadt,  in  Bohemia;  near  E^iberg  :  Clansthal  in  th« 
Harz  ;  at  Naaaan ;  Beresof  in  Siberia ;  Cornwall,  Derbyshire,  and  Cnmberland,  in  England; 
Leadhills  in  Scotland ;  Wicklow,  ond  elsewhere,  Ireland.  In  the  U.  S.  at  PhenucviUe,  Pemij 
alao  in  Maine,  at  Labec  and  Lenox  ;  in  Davidson  Co.,  N,  C. 

The  Sgnrea  prodnced  by  etching  (see  p.  118)  show  that  pyromorphite  is  hemihedrsl  lika 
kpatite  (Banmhaaer). 

Named  from  rbp,  JIr«,  itep^ii,  pma,  alluding  to  the  orystalline  form  th«  glnbnle  sasamet  co 
cooling. 

MIBUITITU.*  Himeteaite, 

Hexagonal.     (>Al  =  139''   58';  ^=0-7276.      Cleavage:  1,  imperfect 

n.=:35.      a=7'0-7-25,   mimetite;    5-4^5-5,  hedy- 

*7l  phane.     Lnstie  resinonB.     Color  pale  yellow,   passing 

into  brown;  orange-yellow;  white  or  coloHese.    StrcaK 

white  or  nearly  bo.     Siibtonsparent — translucent. 

Comp.— Formtda  SPbtAsiOi+PbOli^Araenla  pentoxIdB  ZS'iD, 
lead  oxide  74-tW,  chlorine  2-39=10066.  Qenerally  part  of  Um 
arsenic  is  replaced  by  t^oepfaoms,  and  often  the  lead  in  part  by  oti- 

PTt.,  etc.— In  the  closed  tnbe  like  pyTOmorphlt&  B.B.  fu«M  st  1, 
and  on  charcoal  gives  in  B.  F.  An  arsenical  odor,  and  is  eaaQy  Rdaotd 
to  metallic  lend,  coating  the  ooal  at  flist  niUi  lead  chloride,  ud 
later  with  arsenoni  oilde  and  lead  oxide.  Qives  the  ddoiine  naff 
tious  as  under  pyromorphit«.  Solnble  in  nitrio  add. 
Obi. — Occurs  at  several  of  the  mines  in  Oomwall-  in  Cumberland.  At  St  Piixin  Fiaon, 
■t  Jolianngeoqt«Bstadt ;  at  Nertwbinak,  Siberia.    At  the  Brookdate  mina,  PhenlxTill*,  F^ 
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lOmetitc  is  hezmhedral  like  apatite  and  pyromorphite,  as  shown  by  etching  (Baumluiuer), 

Named  from  fuftiirfis,  imitator^  it  doeely  re^mbling  pyromoxphite. 

Hei>tphanb.^A  Tariety  containing  much  calcium.    Oamptlitb  contains  much  lead  phQ» 

phufeft 


VANADINITB.* 


H.= 2*75-3.  G.= 6*6623-7.23.  Lustre  of  surface  of  fracture  resinous. 
Oolor  light  brownish-yellow,  straw-yellow,  reddish-brown.  Streak  white  or 
yellowish.  Subtranslucent — opaque.  Fracture  uneven,  or  flat  conchoidal. 
Brittle. 

Oonap,— Formula  8Pbiy90t+PbCl9=yanadiumpentoxide  10*86,  lead  oxide  78*70  chlorine 
2*50=100 -56. 

P3rr.,  oto. — In  the  closed  tube  decrepitates  and  yields  a  faint  white  sublimate.  B.B.  fuses 
easily,  and  on  charcoal  to  a  black  lustrous  mass,  which  in  B.F.  yields  metallic  lead  and  a  coat- 
ing  of  chloride  of  lead ;  after  completely  oxidizing  the  lead  in  O.F  the  black  residue  giyes 
with  salt  of  phosphorus  an  omerald-green  bead  in  R.F.,  which  becomes  light  yeUow  in  O.F. 
Qives  the  chlorine  reaction  with  the  copper  test.     Decomposed  by  hydrochloric  acid. 

If  nitric  acid  be  dropped  on  the  crystals  they  become  first  deep  red  from  the  separation  of 
▼auadivLzn  pentoxide,  and  then  yeUow  upon  its  solution. 

Obfl. — This  mineral  was  first  discovered  at  Zlmapan  in  Mexico,  by  Del  Bio.  Since  obtained 
at  WanXookhead  in  Dumfriesshire ;  also  at  Beresof  in  the  Urol ;  and  near  Kappel  in  Carinthia. 


DscQlbinTB.— PbVaOt  (or  with  some  Zn)=yanadinm  pentoxide  45  1,  lead  oxide  54-0=100 
Massive.  Color  deep  red.  Dahn,  near  Niederschlettenbach,  Rhenish  Bavaria.  Freiberg  in 
Breii^fau  [euiynekite), 

Dbscloizite.^— Pb3y90T=yanad:um  pentoxide  201,  lead  oxide  70*0=100.  Orthorhombic. 
South  America.     Wheatley  Mine,  Penn. 

PucnERrris  {Frenzd). — Orthorhombic,  near  brookite  in  form  {Websky)*  Occurs  in  small 
Implanted  crystals.  Oolor  reddish-brown.  In  composition  a  bismuth  vanadate,  BiyO«= 
Vanadium  pentoxide  28'3,  bismuth  oxide  71 '7.    Pucher  mine,  Schneeberg,  Saxony. 


BoflOOBLrTB. — ^OccoxB  in  thin  micaceous  scales,  arranged  in  stellate  or  fan-shaped  groups. 
Color  dark  brownish-green.  Soft.  0.  =2088*  (Oenth) ;  2002  (Boscoe).  Analyses:  1.  Bos- 
ooa  (Proa  Boy.  Soc.,  May  10, 1876);  2.  Genth  (Am.  J.  ScL,  July,  1870). 

SiOi      y^iOt  ^lOs     FeOs  MnOi    MgO     GaO      K3O    NaaO      H.O 

1.     }  41-25      28-60  14*14      113  115      201      0  61      8*50      0*82       1*08 

moisture  2*27=101*62 

8.       47*60      22<)2y.O„      14*10      167  PeO       200       ti.       7-60      010ign,4-06 

0-85  gangue= 100*22 

The  above  analyses,  made  upon  material  derived  from  the  same  source,  differ  widely, 
espedally  in  x^Eird  to  the  state  of  oxidation  of  the  vanadium.  Genth  makes  it  yoOii= 
BV iOs,yiO».  ^e  formula  given  by  Bosooo  is  2Aiy,0a + K4Si0O9o + aq.  Found  in  fissures  in 
the  porphyry,  and  in  cavities  in  quartz  at  the  gold  mine  at  Granite  Greek,  El  Dorado  COb , 
Oal.    Named  by  Dr.  Blake,  who  discovered  Vb.    See  further  on  p.  48o. 
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WAONEBZTB. 

Monoclinic.  {7  =  71**  68',  /A  /  =  95**  25',  O  A  l-l  =  144°  25'  B.  & M. ) 
6:b  :  d=^  0*78654  :  1*045  : 1.  Most  of  the  prismatic  planes  deeply  striated. 
Cleavage :  I,  and  the  orthodiagonal,  imperrect ;  O  in  traces. 

H.=5-6*6.  G.=3*068,  transparent  crystal;  2*985,  antransparent,  Earn- 
melsberg.  Lustre  vitreous.  Streak  white.  Color  yellow,  of  di£Ferent 
shades ;  often  grayish.  Translucent.  Fracture  uneven  and  splintery  across 
the  prism. 

Oompw— Hg8PtOt+MfirPs=Pbo>P^oni8  pentozide  43*8,  magneria  371,  flaorine  11*7,  m«g« 
netinm  7*4=100. 

Pjr.,  etc— B.B.  in  the  foxoc^  foses  at  4  to  a  greeniah-giay  glass ;  moistened  with  solpha- 
ric  aoid  coIoeb  the  flame  bluJAh-gieen.  With  borax  reacts  for  iron.  On  fusion  with  soda 
effenresoes,  bat  is  not  completely  dissolred ;  gives  a  faint  manganese  reaction.  Fused  with 
salt  of  phosphoms  in  an  open  glass  tube  reacts  for  flnorine.  Soluble  in  nitric  and  hjrdxo- 
chloric  acids.    With  sulphuric  add  erolves  fumes  of  fluohydrlc  add. 

Obs.— Occurs  in  the  TtUlej  of  HoUgraben,  near  Werf en,  in  Salsbuxg,  Austria. 

Kjbbulfinb  {v.  Ji^«B). ---Stands  near  wagnerite,  but  exact  nature  uncertain.  In  masMi 
of  a  pale  red  color  at  Bamle,  Norway. 


MONAZITB.« 


Monoclinic. 
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{7=  76*  14',  /A  7=93^  10',  O A 14  =  138^  8';  6:b:d 

==  0-94715  : 1-0265  :  1.  Cm- 
tals  usually  flattened  parallel* to 
iri.  Cleavage :  O  veiy  perfect, 
and  brilliant.  Twins:  twin- 
ning plane  O. 

H.  =  5-5-5.  G.  =  4-9-5-26. 
Lustre  inclining  to  i-esinoaa. 
Color  brownish-hjacinUi*red, 
clove-brown,  or  yellowish- 
brown.  Subtransparent — sub- 
translacent.    Bather  brittle. 


1  /       : 
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-H      \ 

Norwich,  Gt. 


Watartown,  Ct 


Oomp. — ^Aocording  to  Bammelabexg, 
SRsPsC+ThaPsC,  where  B=Ge,La, 
Di     AnalysiB  l^  Kersten,   Slatonsi, 


P.O.  28-60,  ThOa  17-95,  SnO,  210,  OeO  26  00,  LaO  2d-4C,  MnO  1*86,  OaO  l-«8,  K«0 and Ti0« 
«r.=101-40. 

P3rr*i  etc. — ^B.B.  infusible,  tamB  gray,  and  when  moistened  with  snlphnric  acid  colon  the 
flame  bluish-green.  With  borax  gives  a  bead  yellow  while  hot  and  colorless  on  codling ;  a 
saturated  beiul  becomes  enamel- white  on  flaming.     Difficultly  soluble  in  hydrocAiloric  add. 

DIfL — ^Its  brilliant  basal  deaTage  is  a  prominent  character,  distinguishing  it  from  tita- 
nite. 

Obs«~MonaEite  occurs  i^ear  Slatoust  in  the  Ilmen  Mtn.  ;  also  in  the  Ural ;  near  NdterS  in 
Norway ;  at  Schreiberhau.  In  the  United  States,  with  sillimanite  at  Norwich ;  at  Yoiktovn, 
Westchester  Co.,  N.Y.;  neai  Crowder*s  Mountain,  N.  C. 

Named  from  fiovdl^o)^  to  be  soiUary^  in  aUusion  to  its  rare  occurrence. 

TUBKBBrrB. — Identical  with  monasite,  as  first  suggested  by  Prof.  J.  D.  Dana.  Occuxs  is 
minute  yellow  to  brown  crystals,  rarely  twins,  at  Mt  Sorel,  Dauphiny ;  Santa  Brigritta, 
TaTotsch;  Leicheltiny  Alp,  Binnenthal:  Laaoher  See  (▼.  Bath.).  c:bi  <i=: '921886  : 1 . 
0*258444     C.  =77°  18'  (Tiechmann). 

KOBABFTBITB  {.BadominsH). — ^A  cerium  phosphate  containing  fluorine;  near  monaiita 
OoooxB  in  lazge  oryataUine  masses  of  a  yeUowish  color  at  Kdatfreti  near  Fahlun,  Sweden. 


ozTurar  ooKFDUirofi. — ^phobphatxb,  arskmatks,  Bra 


OrtUorhombic.    /A  /=  98°,  (?  M-i  =  129°  33',  Tscboniiak ;  i:l:d- 
1*211  : 1'1504  : 1.      Faces  of  crrstala  usuallv   uneven. 
Cleavage :     O   nearly    perfect   in    unaltered    crystalB.  "W* 

Massive. 

H.=5.  G.  =3-54-S'6.  SubreeiiiODS.  Culor  greeniBh- 
era; ;  also  blnish ;  often  brownish-black  externally. 
Streak  grayish-wLite.     Ti-auslucent  in  thin  fragments. 

Comp.— BiPiOt,  when  B=Fe,  Hn,  (Ca)  and  Lii  (K,,  Nai).  AnftlTsia 
bj  OMten,  from  Bodsnnuua,  P.O.  U-IK,  PeO  S8'31.  HnO  0-68.  UgO 
8'39,  CaO  0-76,  Li.0  769,  lfa.0  0-74,  K.O  0-04,  BiO,  0'40=1DO-OS. 
Tbfl  uia^M*  niy  mvoh,  owing  to  the  impore  material  einplo7ed. 

Pyr.,  kta — In  the  oloMd  tube  BometiinM  dsorepitatea.  toms  to  ■  Norwich. 

dat:k  oolcc,  and  give*  o9  traoea  of  water.     B.B.  fuses  at  1  -6,  coloring 

the  Hame  beanti^  Uthia-ted  in  atreaks,  with  a  pale  bloiah-Kraen  on  the  exterior  of  the  oone 
af  flame.  The  ooloratian  of  the  flame  is  beet  aeen  when  the  pnlveriied  mineral,  moistened 
with  tolphnrio  acid,  ia  treated  on  a  loop  of  platinnm  wire.  With  botax  glrea  an  Iron  bead ) 
witii  BOda  a  leaotioii  for  mangaaeee.     Soluble  in  bjdroohlorlc  aoid. 

Obi. — Triphjlile  oooon  at  Babenitein  near  Zwieael  in  Bavaria ;  also  at  Eaityo  in  Finland ; 
NoTirioh,  HaM. 

Named  from  Tpi{,  lArM-flld,  and  fH,  famill/,  In  alloBion  to  Ite  oontaining  Uiiee  phoa- 
plutei. 

TOIPUTB."  Zwieaelite. 

Ortliorhombie.  Imperfectly  crystalline.  Cleavage :  unequal  in  three 
directions  perpendicular  to  each  other,  one  much  the  most  distinct. 

H.=5-6-5.  C=3*44-3'8.  Lnatre  reainouR,  inclining  to  adamantine. 
Color  brown  or  blackish-brown  to  almost  black.  Streak  yellowish-gray  or 
brown.     Snbtranalncent^paque.     Fractnre  small  coiiuhoidal. 

Oomp_B,P,0,-l-BF, ;  B^Fe,  Hn(CB).  AnalTni.  t.  Eobell,  Bohlaokenwald,  P,0, 88-85, 
¥M,  8-50,  FeO  23«8,  HnO  8000,  CaO  3-30,  HgO  8  W,  F=8 10=104'0a 

Pyr.,  ate. — B.B.fiiM«  eaeUjat  I'S  toabliaok  magnetio  globule;  moutened  with  aolphniio 
aoid  oolora  the  flame  bluiah^reen.  With  borax  in  O.  F.  givea  an  amethTstine  ool<aed  glaM 
(mangaoeae) ;  in  B.F.  a  atning  reaotion  for  iron.  With  aoda reaots  for  manganeaa.  With 
EDlphnrio  acid  erolTea  flaobydrio  aoid.     Bolable  in  b^droohlorio  add. 

Oba. — Pound  I7  AllnMid  at  Iiimogea  in  Franoe,  with  apatite ;  at  Peilaa  in  Sileaia. 

Zuit$ditt.  a  doTO-brown  varied,  waa  found  near  Babenitein,  near  Zwiesel  in  Bavaria,  In 
qnaita  (0.=8-97,  Pacha). 

Sabcdpodb.— Near  triplite.    Tall«7  of  the  Muhlbaoh,  Sileaijk 

AMBZiTOONira* 

Tricliuic.  Cleavage:  <?  perfect;  t-t  nearly  perfect,  angle  between  these 
cleavi^es  104^" ;  also/impei^ect.  Usually  massive,  cleavable ;  sometimes 
uolumnar.  ^ 

H.=6.  G.=3-3*ll.  Lustre  pearly  on  face  of  perfect  cleavage  (O); 
vitrconB  on  i-i,  less  perfect  cleavage-face ;  on  cross-imctiire  a  little  greasy. 
Color  pale  mountain  or  sea-green,  white,  grayish,  brownish-white.  Sab* 
transparent — transiiiccnt,  Fractnre  uneven.  Optical  axes  very  divergent ; 
piano  of  axes  nearly  at  right  angles  to  i-i;  bisectrix  of  the  acute  angle 
negative,  and  parallel  to  the  edge  O/H;  DesCl. 
24 
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Oomp.— AoooEdiog  to  Bammelsbeig,  2A]PiOe+8Li(Na)F.     If  Na :  JA=1  :  4,  the  fomila 

reqaires :  Phoephoms  pentoxide  49'24,  alamina  85*58i  lithia  6*24,  toda 
8-23,  flaoxine  9-88=10417. 

Pyr.,  etc. — In  the  doeed  tnbe  yielde  water,  whidh  at  a  liigli  heat  is 
acid  and  corrodes  the  g^asa.  B.B.  fnees  easily  at  2,  with  intQmesoenoe, 
and  becomes  opaque-white  on  cooling.  Colon  the  flame  yellowiah-red 
with  traces  of  green ;  the  Hebron  rarietj  gives  an  intense  lithia-xed ; 
moistened  with  snlphnrio  acid  gives  a  bluish-green  to  the  flame.  With 
cobalt  solution  assumes  a  deep  blue  color  (f^nmina).  With  borax  and 
salt  of  phosphorus  forms  a  transparent  ccdorless  giam.  In  fine  powder 
dissolres  easilj  in  sulphuric  acid,  more  slowly  in  hydrochloria 

Dlff . — ^Dititinguish^  by  its  eaqr  fusibility ;  reaction  for  flnozine  and 
lithia ;  greaay  lustre  in  the  mass,  eta 

Obs. — Occurs  at  Ghuxsdorf  and  Amsdorf ,  near  Penig  in  Saxony ;  also 
at  Arendal,  Noriray.  In  the  U.  States,  in  Maine,  at  Hebron  (hebroniteX 
imbedded  in  a  coarse  granite  with  lepidolite,  albite,  quartz,  red,  green, 
and  black  tourmaline;  also  at  Ht.  Mica  in  Paris,  8  m.  from  Hebran, 
with  tourmaline. 
The  name  is  from  afipXic,  Muntf  and  y6vt\  anffle. 
Hkbbonitb. — ^The  mineral  from  Hebron,  Me.  (see  above),  has  been 
shown  by  DesGloizeanz  to  differ  in  optical  character  (v  >  p)  from  the 
Penig  amblygonlte.  On  this  gnK>und,  as  well  as  on  account  of  a  variatioD 
In  the  composition,  it  has  been  proposed  (v.  Kobell)  to  make  it  a  new  species.  The  same 
optical  character  and  composition  belong  to  l^e  mineral  from  Montebras  (called  montdfratiU 
on  the  basis  of  an  erroneous  analysis).  Analysis  of  hebronite,  Pisani,  PsOa  46*65,  AlOi 
86-00,  LiaO  »-76,  H,0 420,  F  6"22=101  -82. 

Herderitb. — Supposed  to  be  an  anhydrous  aluminum-calcium  phosphate,  with  finoEine. 
Color  yellowish-white.     Ehrenfriedersdorf. 

DURANOITE.— MonocUnic.  Cleavage  prismatic  (110^  10').  H.=:5.  O.  =d'987-4H)7.  Color 
bright  orange-red.  Analysis,  Hawes,  Arsenic  pentoxide  68*11,  alumina  17*19,  iron  sesqai* 
oxide  9-23,  manganese  sesquioxide  2*08,  soda  18*06,  lithia  0*65,  fluorine  7'67=102'iNlL 

Formula  Ral^AsaOt  (with  one-ninth  of  the  oxygen  replaced  hy  fluorine),  or  fiAs«0e+2BF. 
Here  B=:Na  :  Li=10  : 1 ;  fi=Al  :  Fe  :  Mn=]6  :  5  :  1.  Other  varieties,  having  a  lighter  color. 
have  AI :  Fe=6  : 1.    Occurs  with  cassiterite,  near  Durango,  Mexico  (Brush). 


Debronitef  Maine. 


Akhtdbous  Aktimonates. 


MoNiMOLrrs.— Mainly  an  antimonate  of  lead.     Yellow.    O.=5*04.     Paisberg,  Sweden. 

Nadorite.— PbSbjtO«  +  PbCla.  In  yellow  tninsluoent  crystals.  H.=8.  O.=7-02.  Djebel- 
Kador,  province  of  Constantine,  Algiers. 

BoMEiTB.  —An  antimonate  (or  antimonite)  of  calcium.  Occurs  in  groups  of  minute  tetn- 
goual  crystals.     Color  yellow.     St.  Marcel,  Piedmont. 

BrvoTiTB. — Contains  antimonic  oxide,  carbon  dioxide,  and  copper.  Amorphous.  CoLx 
yellowish-green.     Sierra  del  Cadi. 

8TiBiOFEERiTE.~Amorphou8  coating  on  stibnite,  from  Santa  Clara  Co.,  CaL    Mixtiae(f). 


Hydbotts  PflospiiATEs,  Absekates^  etc. 


PHARBSAOOUTEI. 


Monoclinic.  /A 7=111°  6', 'a  A  1-2  =  109^  26',  lAl  =  117°  2i\ 
Cleavage :  r-i  eraiueDt.  One  of  the  faces  1  often  obliterated  by  the  exten 
aion  of  the  other.  Snrfaces  i-i  and  i-2  usually  striaied  parallel  to  theii 
matnal  interetsction.  Rarely  in  ciystals ;  commonly  in  delicate  silky  fibrei 
or  acicnlar  crystal lizatious,  in  stellated  groups.  Also  botrroidal  and  sttlao 
title,  and  somutlnics  massive. 


OZTGEN  OOHPOUNDB. — ^FHOSPHATBS,  ABliBNATES,  XXa 
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H.=i2-2'5.    G.=2'64-2'73.    Lustre  vitreous ;  on  i-l  inclmirig  to  pearly 
Oolor  white  or  grayish ;  frequently  tinged  red 
by  arsenate  of  cobalt.     Streak  white.     Trans- 
lucent— opaque.     Fracture  uneven.     Thin  laini- 
tiso  flexible.  > 


Oomp.— 2E[GaA804+5aq=Ai8e]iio  pentoxide  61*1,  lime 
84*9,  water  24-0=  100. 

Pyr.,  etc. — In  the  olosed  tube  yields  water  and  becomes 
opaque.  B.B.  In  O.F.  fuses  with  intumescence  to  a  white 
enamel,  and  colors  the  flame  light  blue  (arsenic).  On  char- 
coal in  &,F.  gives  arsenical  fumes,  and  fuses  to  a  semi-transparent  globule,  ficmetimes  fcinged 
blue  from  traces  of  cobalt.  The  ig^ted  mineral  reacts  alkaline  to  test  paper.  Insoluble  ia 
water,  but  readily  soluble  in  acids. 

Obi. — Found  with  arsenical  ores  of  cobalt  and  silver  at  Wittiohen,  Baden ;  at  Andreasbeiy, 
and  at  Riechelsdorf  and  Bieber ;  at  Joachimsthal. 

This  species  was  named,  in  allusion  to  its  containing  arBenic,  from  ^ap/uoucor,  pouan, 

Stbuvitb. — An  ammonium-magnesium  phosphate  containirig  12  equivalents  of  water.  In 
guano  from  Saldanha  Bay,  Africa. 

Haidinqebitb. — HGaAs04+aq.=: Arsenic  pentoxide  58*1,  lime  28*3,  water  13*6=100. 
Joachimsthal  (?). 

Bbubhitb.— HOaPO4(RsPi.O0)+2aq=Pho8phorup  pentoxide  41*3,  lime  82*6,  water  6*1= 
100.     Honodinic.     G.=2  2(^.    On  guano  at  A vea  Island  and  Sombrero. 

Metabuusiutb.— 2HCaP04+3aq.  G.=2-85.  Sombrera  Ornithbitb.  Probably  altered 
bmshite. 

CanRCHrrE.— RiP808+4aq,  with  B=CecDi),Oa.     ComwaU. 

Wapplebitb  {Frengd). — Triolinic  In  minute  crystals  and  in  incrustations.  Color  white. 
GompoeiUon  H(Ga,Mg)As04+7aq=(Ca  :  Mg=r4  :  8)  arsenic  pentoxide  48*7,  lime  18*5,  mag- 
nesia 7*3,  water  30 '5 =100.  Found  with  pharmaoolite  at  Joachimsthid.  Schrauf  states  thai 
rauierite  is  a  pseudomorph  after  wapplerite. 

Hoebnbsitb. — Monodinio.  Color  snow-white.  Composition  MgsAs30t4-8aq.  From  the 
Banot. 

PiGBOliiABMACOLrrR.— Monodinio.    Cas(Mgi}Asa0i+6aq.    Biechelsdozf ;  Freibeig; 


677 


VIVIANXTB. 

Monoclinic.     O  =  75^  34',  /A  /  =  108^  2',  1 A 1  =  120*  26',  iihid^ 
•935792  : 1-33369  :  1 ;  v.  Rath.    Surface  i-i  sniooth,  otliers 
striated.    Cleavage :  i-i,  hiffhlv  perfect ;  i-i  and  J-i  in 
traces.     Often  reniforin  and  globular.    Structure  diver- 
gent, fibrous,  or  earthy ;  also  incnisting. 

H.=l-5-2.  G.=2*58-2*68.  Lustre,  ii  pearly  or  me- 
tallic pearly ;  other  faces  vitreous.  Color  white  or  color- 
less, or  nearly  so,  when  unaltered  ;  often  blue  to  green, 
deepening  on  exposure;  usually  green  when  seen  per- 
pendicularly to  the  cleavage-face,  and  blue  ti'ansvei'sely ; 
the  two  colors  mingled,  producing  the  ordinary  dirty  blue 
color.  Streak  colorless  to  bluish- white,  soon  changing  to 
indigo-blue ;  color  of  the  dry  powder  often  liver-brown. 
Transparent — translucent;  becoming  opaque  on  expo- 
sure. Fracture  not  observable.  Thin  laminse  flexible. 
Sectile. 

Oonp.— FetPsOt-f*8aq=:Phoephorus  pentoxide  38*8,  iron  protoxide  48*0,  water  28*7=100 
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TfuaoKonvE  ionbraloot. 


Pjrr^  etc.— In  the  dbeed  fcabe  jiMs  neatnl  water,  whitens  and  ezfolUtee.  B.B.  fofln  al 
1*5,  coloring  the  flaone  Uniah- green,  to  a  grayiah-blaok  magnetio  globule.  With  the  flmui 
reaote  for  iron.     Solnble  in  hydrochloric  acid. 

Diff. — Distingoishing  characters :  deep-blue  color;  aoftneee;  solnbiUty  in  aoid. 

Obe. — Oocors  aaaociated  with  pyrrhotite  and  pyrite  in  copper  and  tin  veina ;  in  beds  of 
ola^  and  sometimes  associated  with  li<iionite,  or  bog  iron  ore;  often  in  cavities  of  fossils oi 
baried  bones.  Occors  at  Wheal  Fahnoath,  and  elsewhere  in  Cornwall ;  in  BeTonsbire,  near 
Tavistock ;  at  Bodenmais.  The  earthy  variety,  called  blus  iron  earth  or  no^tM  Pntman  bbu 
ooonrs  in  Greenland,  Carinthia,  Cornwall,  eta     At  Cransao,  France. 

In  N.  America,  it*  occors  in  I/no  Jersey,  at  Allentown ;  at  Franklin.  Also  in  JMawart,  nesi 
Middletown ;  near  Cape  Henlopen.  In  Maryland,  in  the  north  part  of  Somerset  and  Wor- 
Mster  Cos.     In  Virginia,  in  Stafford  Co.    In  Canada,  with  limonite  at  Yandrenil,  abondsnt 

LUDLAMITB  (i^V«Id). — Monodinia  H.=d'4.  6.  =8*12.  Color  dear  green,  fiom  pale  to 
dark.  Transparent,  brilliant.  Composition  2FeiP«08 + HtFeOs + 8aq=:Pho0phonia  pentozide 
SQ'88,  iron  protoxide  5306,  water  17-06=100.    ComwaU. 


Monoclinic 


BRT^BRITB.    Cobalt  Bloom.    KobaltbU&the,  Oerm. 

C^  70^  64',  /A  /=  111^  16'  (9  A 14  =  146°  19';  ^ :  J :  d 
=  0-9747 : 1-3818  :  1.^  Surfaces  iri  and  1-*'  verticaUv 
Btriated.  Cleavage :  ir\  highly  perfect,  i4  and  1-t  indis- 
tinct Also  in  globular  and  reniforni  shapes,  having  a 
dnisy  surface  and  a  columnar  structure ;  sometimes  stel- 
late.    Also  pulverulent  and  earthy,  incrnsting. 

H.=l-6-2'5  ;  the  lowest  on  i-i.  G.=2-9&.  Lustre 
of  i4  pearly ;  other  faces  adamantine,  inclining  to  vitre- 
ous ;  also  dull  and  earthy.  Color  crimson  and  peach- 
red,  sometimes  pearl-  or  greenish-gmy ;  red  tints  incline 
to  blue,  perpendicular  to  cleavage-face.  Streak  a  little 
paler  than  the  color ;  the  dry  powder  deep  lavender- 
blue.  Transparent — subtranslucent.  Fracture  not  ob- 
servable.  Thin  laminsB  flexible  in  one  direction.   Sectile. 

Oomp.— CoiAs90i+8aq=AiMnio  pentoxide  88'40,  oobalt  oxide  87*66,  water  24*04;  Co 
often  partly  replaced  by  Fe,Ca,  or  Ni. 

Pyr.,  etc. — In  the  closed  tube  yields  water  at  a  gentle  beat  and  tarns  blnish ;  at  a  hig^her 
heat  gives  off  arsenoos  oxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gray  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colon  the 
flame  light  bine  (arsenic).  fi.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a  dark  gny 
i(nenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  oobalt.  Soluble  in 
hydrochloric  acid,  giving  a  rose-red  solntion. 

Obs. — Occurs  at  Schneebeig  in  Saxony ;  at  Saalf  eld  in  Thnringia ;  Wolf  ach  and  Wittiofaen 
in  Baden;  Modum  in  Norway;  at  AUemont  in  Danphiny;  in  Cornwall,  at  the  Botallack 
mine,  etc. 

Erythrite,  when  abundant,  is  valuable  for  the  manufacture  of  small  Named  from  ^^«s, 
red, 

BosELiTE.* — Triclinic  (Schrauf).  UsuaUy  in  complex  twin  oyatals.  H.  =3  '5.  Q.  =3*565 
-8*788.  Color  rose-red.  Composition  BiAsaO«+2aq  (or  8aq),  with  B=Ca,Kg,  and  Ca  Ana- 
lysis, Winkler,  As^O.  49*96,  CoO  12*45,  CaO  28*72,  MgO  41)7,  H,0  9-89=100*49.  Fomid  at 
Sohneebeig,  Saxony ;  the  crystals  from  the  Daniel  Mkie  have  a  lighter  oolDr  than  those  of  the 
Bappold  Mine,  the  latter  containing  less  oobalt  and  more  caldum. 

WmKLEBTTB.— Contains  AsaOft,Cu,eo,Fe,Co,Ni,Ca,H30,COs,  etc.  Hixtnre(?).  Pn«T 
Spain. 

KdTTiorrR. — Near  erythrite,  but  contains  sine.     Schneebeig. 

AifnVABBKUiTE  (NickelblQthe,  6^^i».).— Nit As308-(-8aq= Arsenic  pentoxide  88*6,  nickei 
oxide  87*2,  water '24-2= 100.  Soft,  earthy.  Color  ap^e-green.  AUemont;  Annabeig; 
Riechelsdorf . 

HuiiEAULrrE. — A  hydrous  iron-manganese  phosphate,  oocuring  in  oavitiea  in  triph/li^ 
at  Limoges,  France. 

CHONDRAB8BNITS. — ^Tellow  grains  in  barite ;  probah^  a  manganese  aoenate.  FaiibsiVi 
Swadeo. 


OZTGEN  OOMFODinW.— FB08PHATB8,    A.9SENATBS,   BXa 
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ZJBBTHBNITB. 

Orfhorhombic    /A /  =  92^  20/,  (9 A  1-t  =  148^  50' ;  i:b    <J  =  0-7811 
1*0410 : 1.     CrYBtals    usually    octahedral    in    aspect 

Cleavage :  diagonal,  i4,  i-i,  veiy  indistinct.    Also  gfobu* 

iar  or  reniform^  and  compact 
H.=4.    G.=8-6-8-8.     Lustre  resinous.    Color  olive- 

groen,  generally  dark.    Streak  olive-green.    Tmnslucent 

to    subtranslncent      Fracture    subconehoidal — uneven. 

Brittle. 


Oomp. — Ca4PsO0+aq,  or  GnaPsOt+HaGaOt  (Ramm.)=Pho6phonu 
pentoxide  28-7,  copper  oxide  66*5,  water  8'8=100. 

Pyr.,  etc — ^In  the  doeed  tube  yields  water  and  turns  black.  B.B. 
fnaes  at  S  and  colors  the  flame  emerald-green.  On  charcoal  with  soda 
gives  metallic  copper,  sometimes  also  an  arsenical  odor.  Fused  with 
metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with  the  forma- 
tion of  lead  phosphate,  which  treated  in  B.F.  gives  a  ciystalline  polyhedral  bead  on  cooling. 
With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  add. 

Obfl. — Occurs  at  Libethen,  in  Hungary ;  at  Eheinbreitenbadi  and  Ehl  on  the  Rhine ;  at 
Nisohne  Tagilak  in  the  Ural ;  in  BoHvia ;  Chili. 


2  :  as  =  0-72 
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OUVBNITfi. 

Orthorhombic.      /A  7=  92^  80',    (9  A 14  =  144^  14' ;  ^  : 
1*0446  : 1.    Cleavage:  /  and  1-i  in  traces.    Sometimes  aci- 
eular.    Also  globular  and  i*enifonn,   indistinctly  fibrous, 
fibres    straight  and  divergent,  rarely  promiscuous;    also 
cnrved  lamellar  and  granular. 

IL=8.  G.=4"l-4'4.  Lustre  adamantine — vitreous;  of 
some  fibrous  varieties  pearly.  Color  various  shades  of  olive- 
green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish- 
green  ;  also  liver-  and  wood-brown ;  sometimes  straw-yellow 
and  grayish-white.  Streak  olive-green — brown.  Subtrans- 
parent— opaque.  Fracture,  when  observable,  conchoidal — 
uneven.    Brittle. 


Oomp*— Ca4AstO0-Haq=zOntAstO«+HtCuOfl  (Ramm.)=Ar8eido  pentoxide  40'CB,  coppei 
oxide  66-15,  water  819=100. 

Tyr,,  etc. — ^In  the  closed  tube  gives  water.  B.  B.  fuses*  at  "2,  coloring  the  flame  bluish-green, 
and  on  cooling  the  fused  mass  appears  crystalline.  B.B.  on  charcoal  fuses  with  deflagration, 
giTSs  off  arsenical  fumes,  and  yidds  a  metsllic  arsenide,  which,  with  soda  yidds  a  globule  of 
copper.     With  .the  fluxes  reacts  for  copper.    Soluble  in  nitric  add. 

Obs^ — :The  crystallised  varieties  occur  in  many  of  the  ComwaU  mines ;  near  Tavistodc  in 
Devonshire ;  also  at  Alston  Moor  in  Cumberland ;  at  Camsdorf  and^Saalfeld  in  Thuringia ;  the 
Tyrol;  tho    Banat;  Siberia;  ChiU;  and  other  places. 

ADAMlTB.—ZniAjB«Ot+HsZnO«=: Arsenic  pentoxide  40*2,  zinc  oxide  60-7,  water  3  1  =100. 
Odor  yeUow.     Chanardllo,  OhiU ;  Cap  Gkuronne. 

TAQiLrrB— Cu4PiOo+8aq  (=GuaP9O8+H90uOi+3aq).  Color  emerald-green.  Nischne« 
Tagilsk.  iBOOLAsrrB.  Ca4PsO0-h5aq(=CaiPsO8-hHtGaOa-h4aq).  Colorless  to  snow-white. 
Joaohimsthal. 

BUCHROITB. — CuaAssOs+HaCuOs+Oaq  (Bamm.)= Arsenic  pentoxide  84*1,  copper  oxide 
47^,  water  18*7=100.     Color  emerald-green.    Libethen,  Hungary. 

Chtx>rotilb. — CuiAssOM+0aq.  In  capiUaiy  crystals.  Also  fibrous;  massive.  C'Olor  apple- 
green.     In  quartz  at  Schneeberg  and  Zinnwald  :  Thuringia ;  ChiU  (Frenad). 

YsbCBiiTrrB  {8ehravfi,^A,  hydrous  copper  phosphate :  compodtion  4CuBp90«+Baq.  TrI 
dinia    Occurs  in  crystalline  crusts  on  a  gaxnet-rook  at  Morawicsa  in  the  Banat. 


374  DKSOBIPnVE  MINRBALOOT. 


ZiIROOOMITE.    Linaenexs,  Qerm, 

Monoclinic.  /A  7=74^  21',  DesCl,  (7=88^  83'.  Cleavaec  lateral, 
but  obtained  with  difficulty.    Rarely  granular. 

H.=2-2*5.  G.=2'88-2*98.  Lustre  vitreous,  inclining  to  resinona. 
Color  and  streak  sky-blue — verdigris-green.  Fracture  imperfectly  ''oii- 
choidal,  uneven.    Imperfectly  sectile. 

Oomp.— Formula  Gni(3^1)  AB«(Ps)0B+H6(Gai,Al)0« 4-9aq,  with  Cui :  M=3  :  2,  and  As: 
^=1  : 4  This  requires  arsenio  pentozide  23*1,  phosphorus  pentoxide  8*6,  copper  oxide  851), 
ainmina  10*8,  water  27*1=100. 

Pjrr.,  etc. — ^In  the  closed  tube  gives  much  water  and  turns  olive-green.  B.B.  cracks  opeOf 
but  does  not  decrepitate ;  fuses  less  readily  than  olivenite  to  a  dark  gray  slag;  on  chaiood 
eracks  open,  deflag^tes,  and  gives  reactions  like  olivenite.     Soluble  in  nitric  acid. 

Obs. — ^With  various  ores  of  copper,  pyiite,  and  quartz,  at  Wheal  Gorland,  Wheal  Ifnttrell, 
etc.,  in  Cornwall ;  also  in  minute  crystals  at  Herrengrund  in  Hungary ;  and  in  Voigtland. 

PsBUDOMALACfirrB  PAospAiH^AafcA*^.  —  Gu«PsOii+8aq=GuaPiiO«+8HsGuOs=P80»  211, 
GuG  70-9,  H3O  8*0=100.  Triclinic  (Schranf).  G.=4'84.  Golor  emerald-green.  Related 
sub-species:  Ehlitb  (PrriMn^),  GuBP«Ot+2HsGuO,+aq  (Ramm.);  Dihydrite,  CusPs0«4 
2HsGuO«.     Ehl,  near  Lius,  on  the  Bhine  ;  Libethen,  Hungary ;  Nischne  Tagilsk ;  Goniwall 

ERmrrB.— GuiA8sOt+2H9GuOs.  In  mammillated  crystallLie  groups.  Golor  green.  Com- 
walL 

GoBNVALLrTB.— GuftAB90io+8aq(=GusABiOB+2HsGuOs+aq).  Amorphous.  Golor  green. 
GomwaU  (Church), 

PsrrTAcmrrB. — Occurs  in  thin  crypto-ciystalline  ooatings,  sometimes  having  a  botiyddal 
structure ;  also  pulverulent.  Golor  d^in  green  to  olive-green.  Formula  2B|y9O«+8H«Ga0i 
-f-6aq,  with  B=Pb  :  Gu=8  :  1.  This  requires :  Vanadium  pentoxide  10*82,  lead  oxide  5315^ 
eopper  oxide  18*05,  water  8*58=100.  Found  at  the  gold  mines  in  SUver  Star  District,  Mon- 
tana (Genth.  Am.  J.  Sci.,  UL,  xii.,  85,  1876). 

MoTTBAiirrB. — Occurs  as  a  thin  crystalline  incrustation,  which  is  sometimes  velveiy,  coo- 
sisting  of  minute  crystals ;  more  generally  compact.  H.=8.  G.  =5*894.  Golor  black  by 
reflected  light,  in  thin  particles  yetUowish,  tranRlucent  (crystals) ;  purplish-brown,  opaqne, 
(compact).  Formula  (Pb,  Gu)  s VaOt  +  2Hs(Pb,'Gu)0s,  which  requires  vanadium  pentoxide  18'7i 
copper  oxide  20*89,  lead  oxide  57*18,  water  3*69=100.  Belated  to  dihydrite  and  iitiiute. 
Found  in  Keuper  sandstone  at  Alderley  Edge  and  Mottram  St.  Andrew^s,  in  Oheshire^ 
England  (Roscoe,  Proc.  Boy.  Soc.,  xxv.,  III.,  1876). 

^LBORTHTTB.— B4YtO0-faq,  with  B=Ga  :  Gu=2  :  8  (or  3  :  7),  Bamm.  From  the  UnJa 
Ealk-Tolborthit  {Germ.)^  Friedrichsrode,  contains  calcium. 


OUNOOULSITB.    Strahlen,  Qerm, 

Monoclinic.     6^=  80^  80',  /A  /,  front,  =  56°.    Cleavage :  basal,  highly 

perfect.  Also  massive,  hemispherical,  or  renifurm; 
®81  structure  radiated  fibrous. 

>T \  H.=2-5-3.      G.=4-19-4*36.      Lustre:    O  pearly; 

elsewhere  vitreous  to  resinous.  Color  intcnially  dark 
verdigris-green ;  externally  blackish-blue  gi-een.  Streak 
bluish-green.     Subtranslucent.    Not  very  brittle. 

Oomp.—Gu I As90«-4-8H9GuOs= Arsenic  pentoxide  80*2,  coppm 
oxide  62*7,  water  7  1-100. 

Ihn^.,  etc. — Same  as  for  olivenite. 

OM.---Oocur8  in  GomwaU,  with  other  ores  of  copper,  at  sefOil 
mines.    Also  found  in  the  En^birge. 

Ttbolitb  (Kupferschaum). — A  hydrous  arsenate  of  oopper  (Coi 
AsaOi  o+/uiq),  containing  also  crilcium  carbonate  {9M  an  impudtj  f ) 
Ck>lor  pale  apple-green.    Idbelhen,  Hungary ;  Schneeberg,  eto. 


OXT6SN  COMPOUNDS. — ^PHOflPHAl'BS,  AJB8BNATES,  ETC. 
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CSALOOFHTLLITB  (Copper  znicft  •  Kapfeiglimmer,  G^^rm.).— Ca»AstOt+5HsGaOs  +  7HsOs 
Azwnio  pentoxide  21-8,  oopper  oxide  68'7,  water  20-0=100.  Copper  miaee  of  Coznwall. 
Hongaiy;  Moldawa.  ' 


ItAZXnuni.    BlauBpath,  Oerm, 

^  Monoclinic.     C  =  88^  15',  7 A  7  =  91^  SV,  O  A 14  =  139^  45', 
c:bid=z  0-86904  : 1-0260  : 1.    Twins :  twinning-plane i-i;  also  O. 
age :  lateral,  indistinct    Also  massive* 


PrUferj 
Cloav* 
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H.=5-6.  G. = 8-057,  Fnchs.  Lnstre  vitreons.  Oolor  azure-bine;  com- 
monly a  fine  deep  bine  viewed  along  one  axis,  and  a  pale  greenish-blue 
along  another.  Streak  white.  Sub  translucent — opaque.  Fracture  uneven. 
Brittle. 

Oomp*— B3\:lPsOt+aq=AlPsOt+Hs(Mg,Fe)0«  (Daiia)=Ph(»phoni8  pentoxide  46*8,  alu- 
mina 84-0,  magnesia  13*2,  water  0*0=100. 

P]fr.,  etc— In  the  dosed  tnbe  whitens  and  yields  water.  B.B.  with  cobalt  solution  the 
bhie  color  of  the  mineral  is  restored.  Li  the  foroeps  whitens,  cracks  open,  swells  np,  and 
without  fusion  falls  to  pieoes,  coloring  the  flame  bloi^-green.  The  green  color  Is  made  more 
faitense  by  moistening  the  assay  with  sulphuric  acid.  With  the  fluxes  gives  an  iron  glass ; 
with  soda  on  ohazooal  an  infusible  mass.  Unacted  upon  by  acids,  retaining  perfectly  its  blue 
oolor. 

Di£ — Charaoterised  by  its  fine  blue  color;  blue  flame  B.B. 

Oba. — OoBun  near  Werf en  in  Salsbuxg ;  in  Qratz,  near  Y orau ;  in  Erieglaoh,  in  Slyria ;  si 
Hochthiligrat,  at  the  Gomer  glacier,  in  Switzerland ;  in  Horrsjobeig,  Wermlimd ;  V/ostsua, 
Sweden ;  also  at  Tijuoo  in  Minas  Qeraes,  BraziL  Abundant  at  Orowder's  Mt,  iJnooln  Go., 
N.  0.;  and  on  Gravea  Mt.,  Linooln  Co.,  G«.,  50  m.  above  Augusta. 

800R0DITB. 

Orthorhombic    /A  /=  98^  2',  <?  A  1-i  =  132^  20' ;  ^  :  X  :  4  =  10977  • 
1*1511 : 1,  Miller*    Cleavage :  i-l  imperfect,  iri  and  i-i  in 
traces. 

H.=:8'5-4.  G.=3'l-8*3.  Lustre  vitreons — snbadaman- 
tine  and  subresinous.  Color  pale  leek-green  or  liver-brown. 
Streak  white.  Subtransparent — translucent.  Fracture 
uneven. 

Oomp. — FeAs90«+4aq= Arsenic  pentoxide  49*^,  iron  sesquioxide 
U-e,  water  15-6=100. 

Pyr.,  etc.— In  the  dosed  tube  vields  neutral  water  and  turns  veUow. 
B.B  fuses  easily,  coloring  the  name  blue.  B.B.  on  chanxNU  gives 
aisenioal  fumes,  and  with  soda  a  black  magnetic  scoria.  With  the  fluxes 
reaoto  for  iron.     Soluble  in  hydroohlorio  aoll 
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Obs.— Found  at  Sohwarnnbeig  in  Saxony ;  at  KertMhinak.  Siberia ;  Dembocli  in  ITaMm; 
in  tho  Oomiah  mines ;  at  the  Minas  Geraes,  in  Brazil;  in  Popayan ;  at  the  gold  mines  of  Tie* 
toria  iu  Am  tralia.  Ooooib  in  minnte  czystala  and  droaea,  near  EdenviUe,  N.  Y.;  im  Oabaxm 
Uo.,  N.  0. 

WAVBU^nB. 

OrthoAombic.    I A  /=  126°  25',  (9  A 14  =  143°  28';  6:l:d=z  (K431 

:  1*4943  : 1.     CleavAge :  /  ratlier  perfect ;  also  brachydii^ 
^^  gonal,     TJsually  in  hemispherical  or  globular  concretioBfi| 

having  a  radiated  structure. 

H.= 3-25-4.  a.=2-316-2-337.  Lustre  vitreous,  inclin- 
ing to  pearly  and  resinous.  Color  white,  passing  into  yel- 
low, green,  gray,  brown,  and  black.  Streak  white.  Trans- 
lucent 


Oomp.— >AlsP40i  0,1 2aq=2  AlPsOt + H«A10« +9aq=Phoephoni8  pentox- 
ide  85 16,  alumina  88*10,  water  26 '74= 100;  1  to  2  p.  a  fluorine  is  eften 
present,  replacing  the  oxygen. 

Pjrr.,  etc. — In  the  olosed  tube  gives  off  mnoh  water,  the  last  poitiom 
of  which  react  add  and  color  Brazil-wood  paper  yellow  (fluorine),  sad 
slso  etch  the  tube.  B  B.  in  the  forceps  swells  up  and  splits  freq[uently  into  fine  adcolai 
partides,  which  are  infusible,  but  color  the  flame  pale  green ;  moistened  with  snlphnzic  add 
the  green  becomes  more  intense.  Gives  a  blue  with  cobalt  solution.  Some  varieties  reset 
for  iron  and  manganese  with  the  fluxes.  Heated  with  sulphuric  add  gives  off  fumes  of  fltto- 
hydrio  acid,  which  etch  glass.    Soluble  in  hydrochloric  add,  and  also  in  caustic  potash. 

DifiE^ — Distinguished  ^m  the  zeolites  and  from  gibbdte  by  its  giving  a  phosphorus  zeso- 
tion ;  it  dissolves  in  add  without  gdatinization. 

Obs. — Found  near  Barnstaple,  Devonshire ;  at  Clonmel  and  Cork,  Irdand ;  in  the  Shisnt 
Ides  of  Scotland ;  at  Zbirow  in  Bohemia;  Zajeoov  in  Bohemia^  at  Frankenbeig and  Langen- 
stri^^  Saxony ;  Diensberg,  near  Giessen,  Hesse  Darmstadt ;  m  a  manganese  mine  in  Wdn- 
bach,  near  WeUburg,  in  Kaasau  ;  at  Villa  Bica,  Mines  Geraes,  BraziL  In  the  United  States, 
at  the  slate  quarries  of  York  Co.,  Pa.;  at  Washington  mine,  Davidson  Co.,  N.  C;  at 'Whits 
Horse  Station,  Chester  Co. ,  Pa ;  Magnet  Cove,  Ar£ 

Zefharovichitb.  —Near  wavellite.  Composition  AlPsOs  +  6aq  (or  5aq,  Banmu).  Compset. 
Color  greenish  to  grayish.    Occurs  in  sandstone  at  Trenic,  Bohemia. 

CaBRULBOLACTiTE.— Crypto-crystalline.  Color  milk-white  to  light  blue.  Gompositii* 
(Petersen)  stiaPfOis  +  lOaq.  Katzenellnbogen,  Nassau.  Also  Chester  Ga»  Penn.  (Oenth, 
who  regards  the  copper,  4  p.  o.,  as  bdonging  to  the  mineraL) 

PHABMAOOSPPBRTtB.    WOrfelen,  OiWk 

Isometric ;  tetrahedral.  Crystals  modified  cubes  and  tetrahedrons. 
Cleavage:  cubic,  imperfect.  0  sometimes  striated  parallel  to  its  edge  of 
intei*section  with  piano  1 ;  planes  often  curved.    Earely  granular. 

H.=2'5.  G.=2*9-3.  Lustre  adamantine  to  greasy,  not  very  distinct 
Color  olive-ffreen,  passing  into  yellowish-brown,  bordering  sometimes  upon 
hyacintli-red  and  olackish-brown ;  also  passing  into  grass-green,  emeiild- 
green,  and  honey-yellow.  Streak  green — brown,  yellow,  pale.  Subtrans- 
parent — ^subtranslucent.    Eather  sectile.     Pyroelectric. 

Oomp.— Fe«As«0aT,15aq=SFeAst0i+H«Fe0t  +  12H30=AxBenio  pentoxide  48*18,  iroo 
tesquioxide  40*00,  water  16*87=100. 

Pyr.,  etc^Same  as  for  soorodite. 

Obs. — Formerly  obtained  at  the  mines  of  Wheal  Gknrland,  Wheal  Unity,  and  Csrhaznek, 
in  ComwaU ;  now  found  at  Burdle  Gill  in  Cumberland ;  in  minnte  tetxMiedral  oiystsb  fi 
Wheal  Jane ;  also  in  Australia ;  at  St  Leonard  in  F  ranee  and  at  S«.Qiioebezg  and  8Gh«•^ 
lenbnzg  in  Saxouy. 


OXYGEN  OOMFOUNDtt. — PHOSPHATES,   AESENATE8,  ETO. 
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Named  from  ^/Muror,  poiton  (in  aUnaioii  to  the  anenic  present),  and  irl9iipo\,  iron,  W&ffil 
err,  of  the  Germans,  means  euhi-cr^, 

Rhagite  (IfAfdoA^).— Oompodtion  Bi,oA840tft+9aq=:2BiA804+8HsBiOi=  Anenic  pent- 
oxide  15'6,  bismuth  oxide  78*9,  water  6*5=100.  Sj^ezical  dystalline  aggregates.  Ooloc 
Inig'ht  green.    Sohneeberg^  Saxony. 

PiiUMBOGniQcrrs. — Composition  nnoertain.  Contains  essentially  alumina,  lead,  watar.| 
and  vhoaphoms  pentoxide.    Hnelgoet ;  Oomberland ;  Mine  la  Hotte,  Mo. 


OUiUDRZINnS.* 


Orthorhombic.    /  A  /=  111^  54',  (9  A 14  =  186^  26' ;  (5 :  ?  :  <«  =  0-9512 
1-4798  : 1.    Plane  O  sometimes  wanting,  and  the  form  a  donble  six- 
sided  pyramid,  made  up  of  the  planes  1, 2-{,  with  i-i  small.    Cleavage :  i-l, 
imperfect. 


«8 


H.=4*5-6.  G.— 3-18-8*24.  Lnstre  vitreous,  inclining  to  resinous. 
Color  yellowish-white  and  pale  yellowish-bi-own,  also  brownish-black. 
Streak  white,  yellowish.    Translucent.     Fracture  uneven. 

Oomp. — Formula  somewhat  uncertain.  Analysis :  Bammelsberg,  PsOt  28  "93,  ^0«  14*44, 
FeO  80-68,  MnO  9-07,  MgO  014,  H,0  10-98=100-28. 

P3rr.,  etc. — In  the  dosed  tube  c^ves  off  neutral  water.  B.B.  swells  up  into  ramifications, 
and  foses  on  the  edges  to  a  bla<^  mass,  coloring  the  flame  pale  green.  Heated  on  charcoal 
turns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese.  With  borax 
and  salt  of  phosphoms  reacts  for  iron  and  manganese.    Soluble  in  hydroiahloric  acid. 

ObB.-~Oocur8  near  Tavistock ;  also  at  Wheal  Crebor,  in  J>eYonshire ;  on  slate  at  Orinnia 
mine  in  OomwalL    Hebron,  Me.  (f.  088.). 


TC7RQX70I8.    Gallaite.    Kallait,  Kalait,  Oerm. 

Beniform.  stalactitic  or  incmsting.    Cleavage  none. 

H.=6.  Q.=2-6-2'88.  Lustre  somewhat  waxy,  feeble.  Color  sky-blue, 
bluish-green  to  apple-green.  Streak  white  or  greenish.  Feebly  subti-ans- 
Incent— opaque.    Fracture  small  conchoidal. 

Oomp. — ^ydrons  aluminum  phosphate,  perhaps  ^laPaOii-f-5aq=Phosphonis  penVndde 
88-6,  alumina  46*9,  water  20-5=100 

Pjrr.,  etc. — ^In  the  closed  tube  decrepitates,  yields  water,  and  tarns  brown  or  black.  B.B. 
In  tne  forceps  becomes  brown  and  assumes  a  glasnr  appearance,  but  does  not  fuse ;  colors 
the  flame  green ;  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (oopper  chloride). 
With  the  sodium  test  gives  phosphuretted  hydrogen.  With  borax  and  salt  of  phosphoms  gives 
beads  in  O.  F.  which  are  yellowiah-green  while  hot,  and  pure  green  on  cooling.  With  salt  of 
phosphoms  and  tin  on  charcoal  gives  an  opaque  led  bead  (copper).  Soluble  in  hydroohloria 
add. 

Oba. — OccQXS  in  day  slate  In  a  mountalnoiu  district  In  Persia,  not  fkr  from  Nichaboor. 
Aoeoiding  to  Agaphi,  the  only  natoralist  who  has  visited  the  locality,  turqaois  occurs  only  la 
f«faiS|  which  traverse  the  mountain  in  all  direotions.     An  impure  varietjrie  found  in.  Silesii, 
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asd  at  Oelmits  in  Saxonj.     W.  P.  Blako  lefen  here  to  a  hard  yellorviah-  to 

(which  he  identifies  with  the  ekakkikuUl  of  the  Mezieans)  tram  the  monntaiDS  Los  CezillaB, 

90  m.  8.  B.  of  Santa  F6.    A  pale  green  tuquois  ocean  in  the  GolnmboJi  district,  NeTada. 

Tuqaota  reoeiTea  a  good  poliah^  and  ia  highly  esteemed  aa  a  gem.  The  Persian  kiog  ii 
said  to  retain  for  hia  own  nae  all  the  laiger  and  finely  tinted  specimens. 

Pbgaxitb. — Compoaitum  29dsP«Oii-)-6aq=Pboqphonis  pentozide  311,  alumina  81 '1, 
water  237=:100.     Striegis,  Saxony. 

DuFRENiTB.— Compoeition  FetPiOii-i-3aq  (FeP,On+H«FeOt)=Phofphoni8  pentozidi 
87-5,  iron  aeaquiozide  62*0,  water  10-5=100.  Anglar,  Dept.  of  Haute  Yieune ;  miachbezg, 
WeB^[>halia;  Allentown,  H.  J.    In  dqioeite  of  nodules  1  to  6  in.  thick,  in  Rockbridge  Go.,Tt. 

Amdrbwutb.— In  globular  fotma,  haviBg  » radiated  rtructura.  H.=4.  G.  =9*476. 
(Mor  dark  green.  Analyaia,  Flight.  P.O.  26-00,  FeO,  44-64,  MOt  0-92,  CuO  10*86,  FeOT'U, 
MbO  0-60,  GaO 000,  SiO.  040,  HsO  8-70=90*59.  In  a  tin  lode,  West  Pheniz  mine,  near 
Liakeard,  Cornwall. 

CHA1.COSIDERITE. — ^In  bright  green  ciystala  (tridinio)  on  Andrewrito  (see  aboTe).  H.= 
4*5.  G.=3*108.  Analysis,  Flight*  P,0»  29i»,  A8,0»  0*61,  FeO»  42'81,  M0»  4*45.  GoO  8ii 
H2O  1500,  UOstr. =100-04.    Alaoaaa coating  on  dufrenite.    ComwaU.     Sayn,  Westpfaalia. 

Henwooditk. — In  globular  forma,  with  a  radiated  structure.  H. =4-4*5.  G.=2'67. 
Color  turquois-blne  to  bluiah-green.  B.B.  infusible.  AnalyaLs,  PsOt  48-04,  :^lOs  18-24. 
FeO,  2-74,  CuO  7  10,  CaO  0  54,  H,0  1710.  SiO,  1*37,  loas  8*97=100.  Occurs  on  limonite  at 
the  West  Phenix  mine,  Cornwall  {OoOins,  JCn.  Mag.,  1,  p.  11). 

Oaooxbnitb.— Supposed  to  be  an  iron  wayellite.  Gompoaition  Fe,P,0ii+12aq.  In  ra- 
diated tufts.     Color  yellow.     Hrheck  mine.  Bohemia. 

ABSEinosiDEBiTR.— Analysia  I7  Church,  Aa,0,  89  86,  FeO,  85-75,  CaO  15*53,  HgO  018, 
K«0   0*47,  H,0   7-87=09  66.      Formula  (Bamm.)  2Ca»Aa,0,+FeAa,0,-i-3H«FeO,.     Bo- 


Atblbstitb. — ^Essentially  a  blamnth  arsenate.     In  minuto  yellow  dyatala  at  Scfaneebttg. 


TOBBEBimS.    Chalcolite.    Kupfer-TJcanit,  Oerm. 

Tetragonal.     O  A 14  =  184**  8' ;  c  =  1-03069.    Forms  square  tables,  with 

often  i*eplaced  edges ;  rarely  snboctahedral.  Gleav- 
<^  age:  basal  highly  perfect,  micaceous.    Unknown 

^  massive  or  earthy. 

H.=2-2-5.    G.=3-4-3-6.    Lnstre  of  O  pearly,  of 
other  faces  subadamantine.      Color  emerald-  and 
grass-green,  and  sometimes  leek-,  apple-,  and  eis- 
ComwaU.  kin-greeix.    Streak  somewhat  paler  than  the  color. 

Transparent — subtranslucent.  Fracture  not  ob- 
servable. Sectile.  Lamina)  orittle  and  not  flexible.  Optically  nniaxial; 
double  refraction  negative. 

Oomp.— Q.  ratio  f or  B  ;  U  :  P  :  0=1  :  6  :  6  :  8;  formula  CuTJsP«Ois-i-8aq=2(tTOs)sPiOi 
H-CniP-iOt+24aq.  The  formula  requirea:  Phoephorua  pentozide  15*1,  uranium  trio^e 
61*2,  copper  oxide  8*4,  water  15*8=100. 

Pyr.,  etc.— In  the  doeed  tube  yields  water.  In  the  f oroepa  fuaea  at  2  *5  to  a  blackiah  maas, 
and  oolora  the  flame  green.  With  aalt  of  phoephorua  gives  a  green  bead,  whi<^  with  tin  od 
fdiaioool  beoomea  on  oooling  opaque  red  (copper).  With  aoda  on  oharooal  givea  a  {^obole  of 
oopper.    Afforda  a  phosphide  with  the  sodium  test     Soluble  in  nitric  add. 

Obs. — Gunnis  Lake,  Tincroft  and  Wheal  BuUer,  near  Bedrutb,  and  elsewhere  in  ComwaD. 
Found  also  at  Jobanngeoigenatadt,  Eibenstock,  azid  Sohneeberg,  in  Saxony ;  in  Bohemiai  at 
Joaohimstbal  and  Zinnwald ;  in  Belgium,  at  Vielsalm. 

Both  this  apedea  and  the  autnnite  have  gone  under  the  common  name  of  mranili;  tbi 
fbtmer  alao  aa  Ccpper-uranUef  the  latter  Lime'jramU^ 
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AUTUNITJU.*  Uranit;  Kalk-UraDglimmer,  KaUk-Unnit,  0«mk 

Orthorhombic ;  but  form  very  nearly  square,  and  crystals  resembling 
closely  those  of  torbemite.     Cleavage :  basal  eminent,  as  in  torbernite. 

H.=2-2-5.  G.=3'05-3-19.  Lustre  of  (?  pearly ;  elsewhere  subadaman- 
tine.  Color  citnni-  to  sulphur-yellow.  Streak  yellowish.  Translucent. 
Optically  biaxial,  DesCl. 

Oomp.~Q.  ratio  for  B  :  XT :  P  :  H=l :  6  :  6  :  10.  Formula  GaXJsPaOit-l-lOaq,  whioh  mi^ 
be  written  2(UOs)«PtO«+CaaPsOt+30aq.  The  formula  reqaires :  Phosphonu  pentozide  14  "O, 
Qnniam  trioxide  (UOi)  60*4,  lime  5*9,  water  18'8=100. 

Pyr.,  etc.— Same  as  for  torbemite,  but  no  reaction  for  copper. 

Obs.— Oocars  at  Johanngeorgenstadt ;  at  Lake  Onega,  Wolf  laland,  Boaaia;  near  Limoges; 
near  Autnn ;  formerly  at  Bonth  Basset,  Wheal  Edwards,  and  near  St.  Day,  England.  Ooonn 
■padngly  at  lliddletown,  Ct. ;  also  in  minnte  crystals  at  Chesterfield,  Mass. ;  at  Acworth, 
N.  H. 

TBdOBRrrB.  — Oomposition  TJiABtOi  4 1-  12aq= (U0a)aAss08  + 1^.  This  requires :  Arsenic 
pentoxide  17*6,  uranium  trioxide  65*9,  water  16*5=100.  Monodinia  In  thm  tabular  crys- 
tals of  a  lemon-yeUow  color.     Schneeberg,  Saxony. 

Walptjroite.— Composition  BiieU|As40i4+12aq=(UO«)tAs,Ot+2BiA804+8HsBiOB.  This 
requires :  Aisenic  pentoxide  11  '9,  bismuth  oxide  60*0,  uranium  trioxide  22*4,  water  5*7= 100. 
Monodinia    In  thin  scaly  crystals.    Color  wax-yellow.    Schneebeig,  Saxony. 

XJBAHOSFiNrrB. — An  arsenic  autunite.  Composition  CaU9ASiOis  +  8aq=2(UOi)sA890«  + 
GacABiOt+24Aq=Arsenic  pentoxide  22*9,  uranium  trioxide  57*2,  lime  5*6,  water  14*8=100. 
Color  green.  Schneeberg,  Saxony.  URANoaFHiSBms.  Color  yellow.  Analysis,  Winkler : 
U  O.  60-88,  Bi,0.  44*84,  fit,0  4-75.     Schneeberg. 

Zeuneritb. — ^According  to  Winkler,  an  arsenic  chalcolite^  with  which  it  is  isomorphoua. 
Composition  Cun«As90it+8aq=2(UOs)iAs90t+CutAsiOt+24aq=Arsenic  pentoxide  22*3, 
Qxanium  trioxide  56*0,  copper  oxide  7*7,  water  14*0=100,  Color  bright  green.  Schneeberg, 
~  1,  Saxony ;  Cornwall. 


PiiTlorrs. — Iron-sinter.    Composition  uncertain,  contains  A8iO»,  ^eOi,  SOt,  HsO.    Dlv* 
OOCBITB  is  similar,  but  contains  PiOs  instead  of  AsiO». 


Htdboub   Antimonates. 


BnffDHBnciTB  (Bleinidre). — Amorphous,  reniform,  or  spheroidal ;  also  earthy  or  Inomsting. 
H.=4.  G.  =4*60^-4*70.  Color  white,  gray,  brownish,  yellowish.  Composition  uncertain; 
analysis  by  Hermann :  SbtOt  81-71,  PbO  61*88,  HtO  6*46=100.  Besults  from  the  deoompo- 
sttion  of  other  antimonial  oresw  Ihtom  Nertschindc  in  Siberia ;  Horhausen ;  near  Endellioo 
in  Cornwall,  with  jamesonite,  from  which  it  is  derived. 


KlTBATaS. 

The  nitrates  ore  all  soluble,  and  hence  are  rarely  met  with  in  nature.    Th<gr  Inr  Itide  f 

Nitre,  potassium  nitrate  (KNOi).  l^ound  generally  in  crusts  on  the  surface  of  the  soil,  00 
waDs,  rocks,  eta    Also  found  in  numerous  cayes  in  the  Missiasippi  Valley* 

Soda  Kitbb,  sodium  nitrate  (N aNOs).    Tarapaca,  Chili. 

KiTBOCALClTE.  oaldum  nitrate  (CaKaOe).  Occurs  in  silky  efflorescences  in  llmestoni 
eaTemsw 

NiTBOMAOiTESt'rE,  magnesium  nitrate  (MgNsOa).  From  limestone  oavea  Nirmo* 
•LAUBBBtTKi  nitro-sttlphi^  of  sodium.    Desert  of  Atacama,  ChiUi 
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4.  BORATES. 


BASSOUTB. 

Triclinic.  / A  i'  =r  118^  80',  (9  A  7=  95^  3',  (9  A  /  =  80^  <tr ,  Jj  4  M. 
Twins:  compoeidon-face  O.  Cleavage:  basal  very  perfect.  libiuJly  is 
small  scales,  apparently  six-sided  tables,  and  also  in  stalactiti*;  forms,  com- 
posed of  small  scales. 

H.=l.  G.=1'48.  Lustre  pearly.  Color  white,  except  when  tinged 
yellow  by  sulphur;  sometimes  ^]*ay.  Feel  smooth  and  unctuous.  Taste 
acidulous,  and  slightly  saline  and  bitter. 

Oomp.---H«B308=Boron  trioxlde  (BtO«)  56*46,  water  48*54=100.  The  oatiTe  stalactitiio 
salt  oontaisB,  meohanioally  mixed,  varioiu  impuiitiee,  as  sulphate  of  magi^oaiam  and  iron, 
Bolphate  of  caldtun,  ailioa,  etc. 

Pyr.,  eto. — In  the  oloaed  tnbe  gives  water.  B.B.  on  platinum  wire  fnaes  to  a  dear  glaa 
and  tinges  the  flame  yellowish-gn^en.     Soluble  in  water  and  aloohoL 

Obs. — Fizst  detected  in  nature  by  Hofer  in  the  watezs  of  tiie  Tuscan  lagoons  of  Monte 
Botondo  and  OastelnuoTO,  and  afterward  in  the  solid  state  at  Sasso  by  Masoagni  The  hot 
vapors  of  the  lagoons  consist  largely  of  it.  Exists  also  in  otiier  natural  waters,  as  at  Wies- 
baden; Aachen;  Krankenheil  near  Fdlx;  Clear  Lake  in  Lake  Go.,  California;  and  it  hai 
been  detected  in  the  waters  of  the  ocean.  Occurs  also  abundantly  in  the  crater  of  Yiiloano, 
one  of  the  Lipari  islands,  forming  a  layer  on  sulphur  and  about  the  fumardles,  where  it  mi 
diaooYered  by  Dr.  Holland  in  1818. 


8U88EZITII  \BryuiC^ 


In  fibrous  seams  or  veins. 

H.=8.    G.=8'43.     Lustre  silky  to  pearly.    Color  white,  with  a  tinge  df 
pink  or  yellow.    Translucent. 

Oomp. — B^BfOft+aq,  with  B=Mn  :  Mg=4  :  8=Boron  trioxide  84*8,  manganese  protoiUie 
^*0.  magnesiA  16*0,  water  8'0=:100. 

Pyr.,  etc. — In  the  dosed  tube  darkens  in  color  and  yidds  neutral  water.  If  turmeric  paper 
A  moistened  with  this  water  and'then  with  dilute  hyoroohloric  add  it  assumes  a  red  color 
(boron).  Fuses  in  the  flame  of  a  candle,  and  B.B.  in  O.F.  yidds  a  blade  crystalline  maa 
coloring  the  flame  intensdy  yellowish-green.  Beaois  for  manganese  with  tiie  fluxes.  3dable 
in  hydrochloric  acid. 

Obs.— Found  on  Mine  Hill,  Franklin  Furnace.  Sussex  Co.,  N.  J.;  associated  with  fnnUin- 
ite,  sindte,  wiUemite,  and  other  manganese  ana  sine  miiMxals. 

-    SzAiBBLTtrs.  — A  hydrous  magnesium  borate,  l^»B40x  i  -f  8aq  (or  f  Sjq).    Ocouzs  in  adcalat 
crystals.     Cdor  white.     Hungary. 

LtJDWiorrB  ( TM^rmoA;).— Finely  fibrous  maams.  H.  =:5.  G.  =8*907-4*016.  Cdor  black 
ish-green  to  black.  Compodtion  B4FeBs0iQ.  with  B=:Fe  :  Mg=l  :  6,  or  1 :  8.  For  tin 
latter  the  formula  requises :  Boron  trioxide  10*6,  iron  sesquioxide  87  "O,  iron  protoxide  17'1| 
magnesia  28  -4.  Occurs  in  a  crystalline  limestone  with  magnetite  at  Morawicia  in  the  Baiutt 
also  altered  to  limonite. 


OZTOEM   OOMFOUNDS. — BOBkHSOL  SSl 


'  Isometric;  tetrahedral.    Oleavage:  octahedral,  in  traces.    Cubic  facet 
iometimes  striated  parallel  to  alternate  pairo  of  edges,  as  in  pvrite. 

H.:=7,  in  crystals;  4*6,  massive.    G.=2'974,  Haidinger.*    Lu8ti*e  vitre- 
ous, inclining  to  adamantine.     Color  white,  inclining 
to  gray,  yellow,  and    green.    Streak  white.    Sn^ 

transparent — translucent    Fracture  conchoidal,  un-         ^  . 

even.      Pyi'oelectric,  and  polar  along  the  four  octa-      A       ^     /  |   v 
hedral  axes.  \ — f 


Oomp.— ligTBicClsGst  =  2MffaB«0at+HgCl«  =  Boron  fcrioxide 
e2'67,  magnesia  81-28,  ohlorine  7*93=101 -78. 

Pyr.,  etc — ^The  maasiTe  Tariety  gives  water  in  the  dosed  tnbe. 
B.B.  both  Tarieties  fose  at  2  witii  intomescence  to  a  white  orys- 
talline  pearl,  ocdoring  the  flame  green ;  heated  after  molstenhig ' 

with  oobalt  solution  assumes  a  deep  pink  oolor.  Hixed  with  oopper  oxide  and  heated  on  char* 
ooal  colors  the  flame  deep  asnre-blae  (oopper  chloride).  Soluble  in  hydroohloric  aoid.  Alten 
▼ecj  slowly  on  exposure,  owing  to  the  magnesium  ohloride  present,  which  takes  up  water. 

Obs.— Observed  in  beds  of  anhydrite,  gypsum,  or  salt  In  crystils  at  Kalkberg  and  Sohild- 
stein  in  Lflnebeig,  HauoTor;  at  Segeberg,  near  Kiel,  in  Holstein ;  at  LnneTille,  La  Menrthe, 
Vranoe ;  massire  and  oiystalUzed  at  Btasfthirt,  Prussia. 


BORAX.    Tinkal  of  iiMiki. 

Monoclinic.  C7=  73^  25',  /A  /=  87°,  6>  A  2-1  =  182'  49' ;  c :  i  :  a  = 
04906  :  09095  : 1.    Cleavage:  i-i perfect;  /Jess  so;  i4 in  traces. 

H. =2-2-5.  G.=l*716.  Lusti'e  viti-eous — resinous;  sometimes  earthy. 
Color  white;  sometimes  grajish,  bluish,  or  greenish.  Streak  white. 
Translucent — opaque.  Fracture  conchoidal.  Bather  brittle.  Taste  sweet- 
ish-alkaline, feeble. 

Oomp.— NaflB4OT+10aq=2(NaBO«+HBO3)-f-9aq=:Boron  trioxide  80*6,  soda  16*2,  water 
47-S. 

Pyr.,  etc. — ^B-B.  pufEs  up,  and  afterwards  fuses  to  a  transparent  globule,  called  the  glass  ol 
borax.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  BoiUng  water  dissolves  double 
Its  weight  of  this  salt. 

Obs. — ^Borax  was  originaUy  brought  from  a  salt  lake  in  Thibet.  It  is  announced  by  Dr.  J. 
A.  Yeatdh  as  existing  in  the  waters  of  the  sea  along  the  California  ooast,  and  in  those  of 
many  of  the  mineral  springs  of  California.  Oocurs  in  the  mud  of  Borax  Lake,  near  Clear 
Lake,  CaL  Also  found  in  Peru ;  at  Halberstadt  in  Tranflylyania;  in  Ceylon.  It  occurs  in 
solution  in  the  mineral  springs  of  Chambly,  St.  Ours,  eto. ,  Canada  East.  The  waters  of  Borax 
Lake,  California,  contain,  aooording  to  G.  B.  Moore,  685*08  grains  of  oystallised  borax  to  the 
gallon. 

XTLBZZTZI.    Baronatrocalcite.    Natnmborooalcite. 

In  roonded  masses,  loose  in  texture,  consisting  of  fine  fibres,  which  are 
aeicnlar  or  capillary  cnrstals. 

H.=l.  G.=1'65,  N.  Scotia,  How.  Lustre  silky  within.  Color  whitCt 
Tasteless. 

OoBqv— ^•OaBftO»+5aq=Boron  trioxide  40*7,  lime  15*9,  soda  8*8,  water  225*6=100. 
Pyr.,  •tc — ^Yields  water.    B.B.  fuses  at  1  with  intomesoenoe  to  a  dear  blebby  glass,  odor 
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ing  the  flame  deep  yellow.    Moittened  with  salphnrio  add  the  odor  of  the  flanc  e  is  momcnl 
vAy  changed  to  deep  green.    Not  aoloiile  in  oold  water,  and  but  little  so  in  hot ;  the  sc^ntioi 
alkaline  in  its  reactions. 

ObB.~Oooar8  in  the  dry  plains  of  Iqniqne,  Southern  Peru ;  in  the  porovince  of  TanqiMs 
(where  it  is  called  imi),  in  whitish  rounded  masses,  from  abaadnntto  a  potato  in  size,  which 
oonsist  of  interwoTcn  fibres  of  the  olexite,  with  pio^eringite,  glanberite,  halite,  gypsum,  and 
other  imparities;  on  the  West  Africa,  coast;  in  Nova  ScotUi,  at  Windsor,  Brookyille,  and 
Newport  (H.  How),  filling  narrow  cavities,  or  constituting  distinct  nodules  or  mammillated 
masses  imbedded  in  white  gypsum,  and  associated  at  Windsor  with  glauber  salt,  the  lustre 
internally  silky  and  the  color  veiy  white  ;  in  Nevada,  in  the  salt  marsh  of  the  Columbus 
Mining  District,  forming  layers  2-5  in.  thick  alternating  with  layers  of  salt,  and  in  bsUs  B-4 
in.  through  in  t^e  salt. 

BBCmLiTB.  (Borooalcite). — An  incrustation  at  the  Tuscany  lagoons.  Composition  CaBid 
+ 4aq.  Also  similar  from  South  America.  Labdebbllite,  Lagonitb,  rare  borates  from  the 
Tuscan  lagoons. 

Pbigbitb  (iStZZiman).— Compact,  chalky.  Color  milk-white.  Composition  CasBsOu+daq. 
This  requires :  Boron  triozide  49  '8,  lime  29  *9,  water  20  '3 = 100.  Occurs  in  layers  between  a  bed 
of  slate  above  and  one  of  steatite  below.    Near  Ohetko,  Curry  Co.,  Oregon. 

HowLiTB,  SiUoobarooaleite. — A  hydrous  calcium  borate  (like  bechilite),  with  one-sixth  of 
a  silicate  analogous  to  danburite.  Near  Brookville,  and  elsewhere  in  Hants  Co.,  Nova  Scotia, 
in  nodules  imbedded  in  anhydrite  or  gypsum  ;  these  nodules  sometimes  made  up  of  pearly 
crystalline  scales.  WmKWOBTHiTE.  In  imbedded  ciybballine  nodules  from  Winkworfch,  N.S. 
In  composition  between  selenite  and  howlite;  a  ncdxture  (?). 

Cbtftomobphitb. — Near  ulezito  in  composition.  In  miorosoopio  rhombic  toblea  Nora 
Scotia. 

LOhbbitbgitb. — ^A  phospho-borate  of  magnesium.  Flattened  masBes  in  gypsiferoos  mad 
At  Lfineburg. 


WARWiCKlTll. 

Monoclinic  /A/ =91®  20',  DesCl.  Usual  in  rhombic  prisms  with 
obtuse  edges  truncated,  and  the  acute  bevelled,  summits  generally  rounded ; 
surfaces  of  larger  crystals  not  polished.  Cleavage:  macrodia£;onal  pe^ 
feet,  affording  a  surface  with  vertical  striea  and  traces  of  oblique  cross 
cleavage. 

H.=3-4.  G.=3'19-8'43.  Lustre  of  cleavage  surface  submetallic-pearly 
to  subvitreous ;  often  nearly  dull.  Color  dark  hair-brown  to  dull  black, 
sometimes  a  copper-red  tinge  on  cleavage  surface.  Streak  bluish-black. 
Fracture  uneven.     Brittle. 

Oomp. — ^EssentiaUy  a  borotitanate  of  magnesium  and  iron.  Analysis,  Smith,  BsOt  27'80, 
TiO,  23-82,  FeO,  702,  MgO  86  80,  SiO,  1^,  AlO.  2 '21  =08  65. 

Pyr.,  ete. — ^Yields  water.  B.B.  infusible,  but  beoomes  lighter  in  water ;  moistened  with 
sulphuric  add  gives  a  pale  green  color  to  the  flame.  With  salt  of  phosphorus  in  O.F.  a  deal 
be^l,  yellow  whUe  hot  and  oolorless  on  cooling;  in  B.F.  on  charcoal  with  tin  a  violet  oolot 
(titanium).  With  soda  a  slight  manganese  reaction.  Deoomposed  by  sulphuric  add ;  the 
product,  treated  with  alcohol  and  ignited,  gives  a  green  flame,  and  boUed  with  hydrocfalono 
add  and  metallio  tin  gives  on  evaporation  a  violet-colored  solution. 

Obs. — Occurs  in  granular  limestone  2i  m.  S.  W.  of  EdenviUe,  N.  T.,  with  spinel,  cKondro- 
dito,  serpentine,  eto.  Crystals  usually  smaU  and  slender;  sometimes  over  2  in.  long  a'«d  |  is. 
broad. 


OXTGISN  OOMPOUNDB — TUN0STATB8.   BI0LTBDATE8.  BIC 
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5.  TUNGSTATE8    MOLYBDATES,  CHEOMATES. 


WOLFRAMITXI. 


Monoclinic.  G=  89**  22',  7a  /=  100^  37',  i4h-\-i  =  118^  6',  i-i A  +fi 
=  117*"  6',  14a  1-i  =  98°  6',  DesOloizeaux,  Cleavage:  i-i  perfect,  i-i 
imperfect.  Twins:  planes  of  twinning  i-i  (f.  692),  f-i,  and  rarely  \\. 
Also  irregular  lamellar;  coarse  divergent  columnar;  massive  gi-anuiar,  tho 
particles  strongly  coherent. 


601 


69d 


<^ 


*??r>i^^ 


B[.=5-5'6.  G.=7*l-7*55.  Lustre  submetallic.  Color  dark  grayish  or 
brownish-black.  Streak  dark  reddish-brown  to  black.  Opaque.  Sometimes 
weak  magnetic. 

Var. — The  moBt  important  Tarieties  depend  on  the  proportions  of  the  iron  and  manganese. 
Thoee  rich  in  manganese  haye  G.  =7*19-7  54,  hnt  generally  below  7*25,  and  Uie  streak  is 
mostly  blade  Those  rich  in  iron  have  G.  =7 '2-7*54,  and  a  dark  reddish-brown  streak,  and 
they  are  sometimes  feebly  attractable  by  the  magnet. 

Oomp.— (Fe,Mn)WO„  Fe  :  Mn=2  :  3,  mostly;  also  4  :  1  and  2  :  1,  8  :  1,  5  : 1,  etc.  The 
ratio  2  :  3  corresponds  to :  Tungsten  trioxide  70*47,  iron  protoxide  9  '49,  manganese  protoxide 
14-04 =100. 

Pyr.,  eto. — B.B.  fuses  easily  (F. =2*5-3)  to  a  globale,  which  has  a  crystalline  sarfaoe  and 
IS  magnetic.  With  salt  of  phosphorus  giyes  a  clear  reddish-yellow  glass  while  hot,  which  is 
paler  on  cooling;  in  B.F.  becomes  dark  red ;  on  charcoal  with  tin,  \i  not  too  saturated,  the 
bead  assumes  on  cooling  a  green  color,  which  continued  treatment  in  R.F.  changes  to  reddish- 
yeUow.  With  soda  and  nitre  on  platinum  foil  fusee  to  a  bluish-green  manganate.  Decom* 
poeed  by  aqua  r^gia  with  sepacstion  of  tangsfeen  tciozide  as  a  yellow  powder,  which  when 
treated  B.B.  reacts  as  under  tungstito  (p.  284).  Wolfram  is  sufficiently  decomposed  by  con- 
centrated sulphuric  acid,  or  even  hydrochloric  acid,  to  give  a  colorless  solution,  which, 
treated  with  metallic  zinc,  becomes  intensely  blue,  but  soon  bleaches  on  dilution. 

XMff. — Characterized  by  its  high  specific  gravity  and  pyrognostics. 

Obs. — ^Wolfram  is  often  associated  with  tin  ores ;  also  in  ouartz,  with  native  bismuth, 
scheelite,  jpyrite,  galenite,  blende,  eto.;  and  in  trachyte,  as  at  Fels^banya,  in  Hungary.  It 
occors  at  bchlackenwald  ;  Schneeberg  ;  Freiberg  ;  Ehrenf riedersdorf ;  Zinnwald,  and  "Nert- 
schinsk  ;  at  Chanteloup,  near  Limoges,  and  at  Meymac,  Corr^ze,  in  France  ;  near  Redruth 
and  elsewhere  in  Cornwall ;  in  Cumberland.    Also  in  S.  America,  at  Oruro  in  Bolivia. 

In  the  U.  States,  occurs  at  Lane's  mine,  Monroe,  Conn. ;  at  Trumbull,  Conn. ;  on  Camdage 
fiurm,  near  Blue  Hill  Ba>[,  Me.;  at  the  Flowe  mine,  Mecklenburg  Co.,  N.  C.;  in  Missouri, 
near  Mine  la  Motto,  and  in  St.  Francis  Co. ;  at  Mammoth  mining  district,  Nevada. 

HuBNEBiTE.* — ^A  manganese  wolframite,  MnW04  =  Tungsten  trioxide  76  9,  manganese 
protoxide  28*1  =  100.     Mammoth  dist.,  Nevada. 

Meoabasite. — A  manganese  tungstate,  with  a  little  iron«    Schlackenwald. 
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Tcti-agonal ;  hemihedral.     <?  A  1-i  =  123^  8';  i  =  1-5369.    Cleavago :  1 

moBt  distinct,  l-i  interrupted,   O  traces.     Twine: 
^MM  twinning-plane  /;  also  i4.    Crystals  nsnally  octahe- 

dral in  form.     Also  renif orm  with  columnar  strnc- 
tnre ;  and  massive  granular. 

H. =4-6-5.  G.= 5  •9-6-076.  Lustre  vitreous,  in- 
clining to  adamantine.  Color  white,  yellowish-white, 
pale  yellow,  brownish,  greenish,  reddish;  sometimes 
almost  orange-yellow.  Streak  white.  Transparent 
— translucent.    Fracture  uneven.    Brittle. 


SohlackenwaldL 


Oomp.— CaW04=TimgBten  trioxide  80-6,  lime  19-4=100.  A 
Yariety  from  Co^oimbo,  Oluli,  contained  6'2  p.  c.  yaliadiam  pent- 
oxide  ;  another  from  TraTezBella  contained  didjmium. 

P3rr.,  etc. — ^B.B.  in  the  forceps  fnaee  at  5  to  a  semi-ttHnsparent 
glam.    Soluble  with  borax  to  a  transparent  grlaaa,  which  after- 
ward becomes  opaque  and  czTstaUine.     With  salt  of  phosphonu 
forms  a  glass,  colorless  in  outer  flame,  in  inner  green  when  hot 
and  fine  blue  cold ;  varieties  containing  iron  require  to  be  treated 
on  charcoal  with  tin  before  the  blue  color  appeals.    In  hydro 
ohlorio  or  nitric  add  decomposed,  leaving  a  yellow  powder  soluble  in  ammonia. 
DiC — Remarkable  among  non-metallic  minerals  for  its  high  specific  gravity. 
Obs. — ^Usually  associated  with  aystalline  rocks,  and  commonly  found  in  oonneetUm  with 
tin  ore,  topaz,  flnorite,  apatite,  molybdenite,  wolframite,  in  quartz.    Occurs  at  ScUaoken* 
wald  and  Zinnwald  in  Bohemia;  in  the  Riesengebirge ;  at  Caldbeck  Fell,  near  Keswick; 
Neudorf  in  the  Harz ;  Ehrenfriedezadorf ;  Posing  in  Hungary ;  Travexsella  in  Piedmont,  etc 
Lhunuco,  near  Chuapa  in  Chili.     In  the  XT.  S.,  at  Lane's  mine,  Monroe,  and  Huntingtoo, 
Conn. ;  at  Chesterfield,  Mass.;  in  the  Mammoth  mining  district,  Nevada ;  at  Bangle  mine,  io 
Cabarras  Co.,  N.  C. ;  and  Flows  mine,  Mecklenburg  Co. 

CnPROSCHBBLiTB. — A  scheclite  containing  about  0  p.  c.  copper  oxide.    Color  bright  green. 
La  Paz,  Lower  California.    Llamuco,  near  Santiago,  ChilL 

CuFBOTUKOBTrrB. — A  copper  tnngstate,  CuaWOt+aq.     Amorphous.     Color  yellowiBh- 
green.    With  cuprosoheelite  at  the  copper  mines  of  Llamuco,  Chili. 

8TOLzrrB.—PbW04= Tungsten  trioxide  51,  lead  oxide  49=100.    Tetragonal.    Zinnwald; 
Bleiberg;  Coquimbo,  Chilt 


WUZaFBNXTB.*  GelbUelerz,  O&rm, 

Tetragonal.    Sometimes  hemihedral.     (?Al-i=12a''  26';    ^  =  1-574. 
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Pnibram.  FhenixviUe. 

In  modified  square  tables  and  sometimes  very  thin  octahedrons.    Oeava^e 


OXYGEN  OOMPOUNDS. — ^TUNOSTATES,   MOLYBDATBS,   ETC. 
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1  very  smooth ;  O  and  \  much  less  distinct.  Also  granularij  massive, 
coarse  or  fine,  fii'inly  coliesive.  Often  hemihedral  in  tlie  octagonal  prisms, 
producing  thus  tables  liice  f.  696,  and  octahedral  forms  having  the  prisma- 
tic planes  similarly  oblique. 

ll.=2-75-3.  G.=6'03-7'01.  Lustre  resinous  or  adamantine.  Color 
wax-yellow,  passing  into  orange-yellow;  also  siskin-  and  olive-jjreen,  yel- 
lowish-gray, grayish- white,  brown;  also  orange  to  bright  red.  Streak 
wliite.    Subtransparent — sub  translucent.    Fracture  subcouchoidal.    Brittle. 

V^x.^X.  Ordinary,  Color  yellow.  2.  Vanadtfertnts,  Color  orango  to  btight  red,  a  variety 
oeoarring  at  PhenixvlUe,  Pa. 

Oomp. — PbMo04  =  Molybdenum  triozide  88*5,  lead  oxide  615=  100.  Some  yarieties 
contain  chromium. 

Pyr.,  etc. — B.  6.  decrepitates  and  fuses  below  2  j  with  borax  in  O.  F.  gives  a  odloiiess  glass, 
in  B.F.  it  becomes  opaque  black  or  dirty  green  with  black  flooka.  With  salt  of  phosphorus 
in  O.F.  gives  a  yellowish-green  glass,  which  in  B.F.  becomes  dark  green.  With  soda  on  ohar^ 
coal  yields  metallic  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the 
formation  of  lead  chloride  and  molybdic  oxide  ;  on  moistening  the  residue  with  water  and 
adding  metaUic  zinc,  it  gives  an  intense  blue  color,  which  does  not  fade  on  dilution  of  the 
liquid. 

Obs. — This  species  ooours  in  veins  with  other  ores  of  lead.  Found  at  Bleibeig,  etc.,  in 
Carinthia ;  at  Betzbanya ;  at  Przibram ;  Schneeberg  and  Johanngeozigenstadt ;  at  Moldava ; 
in  tho  Sdrghis  Steppes  in  Bussia ;  at  Badenweiler  in  Baden  ;  in  the  gold  sands  of  Bio  Chioo 
in  Antioquia,  Columbia,  S.  A. ;  Wheatley*s  mine,  near  PhenixviUe,  Pa.;  at  the  Comstocklode 
in  Nevada.  In  fine  specimens  from  the  Empire  minCj  Lucin  District,  Box  Elder  Coimty, 
Utah  ;  at  Empire  mine,  Inyo  Co.,  Cal.  ;  in  the  Weaver  dist.,  Arizona. 

EosiTE  (JSe/irauf). — In  minute  tetragonal  octahedrons.  Color  deep-red.  Probably  a  vana- 
dio-molybdate  of  lead.     Leadhills,  Scotland. 

ACHKBMATITR. — An  arsenio-molybdate  of  lead.    Analysis,  ASiOs  18*25,   Mod  6  01,  01 
215,  Pb6-28,  PbO  ($8 -31 =10000.     Compact;  structure  indistinctly  crystalUne.     H.=3-4. 
G.  =5  '905,  6*178  (powder).     Color  liver-brown,  translucent ;  in  minute  grains  transparent  and 
color  yellow.     Brittle.    Guanaoer^,  State  of  Chihuahua,  Mexico.    (Mallet,  J.  Ch.  Soc.,  xiii., 
1141,  Mew  Series) 


OROOOITE.    Croooisite.    Bothbleierz,  (JemL 


Mtnioclinic.     0=  77°  27',  /A  7  =  93°  42',  O  A 14  =  138°  10' ;  c 
=  0-95507  :  1-0414: :  1,  Dauber.    Cleavage :  /toler- 
ably  distinct ;  O  and  i-i  less  so.     Snrface  /streaked 
longitudinally ;  the  faces  mostly  smooth  and  shin- 
ing.    Also  imperfectly  columnar  and  granular. 

EL =2-5-3.  G.=5-9-6'l.  Lustre  adamantine — 
vitreous.  Color  various  shades  of  bright  hyacinth- 
red.     Streak  orange-yellow.     Translucent.     Sectile. 

Comp. — ^PbCr04=Lead  oxide  60*0,  ehromiom  trioxide  81*0= 

100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  blackens,  bat  re- 
Mvers  its  original  color  on  cooling.  B.B.  fuses  at  1*5,  and  on 
tharcoal  is  rednced  to  metallic  lead  with  deflagration,  leaving  a 
ceaidue  of  chromic  oxide,  and  giving  a  lead  coating.  With  salt 
of  phosphoros  gives  an  emerald-gnreen  bead  in  both  flames.  Fused 
with  potassinm  bisolphate  in  the  platinum  spoon  forms  a  dark 
Tiolet  mass,  which  on  solidifying  becomes  reddish,  and  when 
oold  greenish-white,  thus  differing  from  vanadinite,  which  on 
yellow  mass  (Plattnerl 
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Obs.— Fixit  found  at  Beresof  in  Siberia;  at  Mnninak  ani  near Niaohne Tagibk is thi 
CTal ;  in  Brazil;  at  Betebanya;  Holdawa;  on  Lnxon,  one  of  the  PUlippineiL 


FHSNIOOOHROITB.    Melanocbroite. 

Orthorhombic  (?).  Crystals  usually  tabular,  and  reticularlj  interwoven. 
Cleavage  in  one  direction  perfect.    Also  massive. 

H.=3-3*5.  G.=5-75.  Lustre  resinous  or  adamantine,  glimmering. 
Color  between  cochineal-  and  hyacinth-red;  becomes  lemon-yellow  ou 
exposure.    Streak  brick-red.    Subtranslacent — opaque. 

Oomp — ^PbsGrflO«=^2PbOx04+PbO=Chxommm  triozide  28*0,  lead  oxide  77*0=100. 

Pjrr.,  etc. — B.B.  on  oharooal  fofies  readily  to  a  dark  maae,  which  is  arystaUine  when  oold. 
In  B.F.  on  chazooal  gives  a  coating  of  lead  ozide^  with  globnles  of  lead  and  a  reaidiie  el 
dtfomic  ozlde.    Gives  the  reaction  of  dhiome  with  flnzeSi 

Obs.— Occius  in  limestone  at  Beresof  in  the  XJzal,  with  crocoite,  vanqneUnite,p7romorplute, 
■ndgaleniiei 


VAUQUfiUMITB. 

Monoclinic.  Crystals  usually  minute,  irregularly  aggregated.  Also 
reuiform  or  botryoidal,  and  granular;  amorphous. 

II.=2'5~3.  G.=5*5-5'78.  Lustre  adamantine  to  resinous,  often  faint 
Color  green  to  brown,  apple-green,  siskin-green,  olive-green,  ochre-brown, 
liver-brown  ;  sometimes  pearly  black.  Streak  greenish  or  brownish.  Faintl)' 
translucent— opaque,    fracture  uneven.    Bauier  brittle. 

Oomp.— PbiGnGrs09=2BGx04+BO.  B=Pb  :  On=2  : 1.  The  foimnla  reqnizes:  Chio- 
minm  triozide  27  6,  lead  oxide  01  '5,  copper  oxide  10'9=10a 

Pyr^  eto. — B.B.  on  chiurcoal  slightly  intamesces  and  faees  to  a  gray  snbmetallio  globule, 
yielding  at  the  same  time  smaU  globnles  of  metal.  With  borax  or  salt  of  phoephoms  aifoida 
a  green  transparent  glass  in  tibe  outer  flame,  which  in  the  inner  after  cooling  is  red  to  black, 
according  to  the  amount  of  mineral  in  the  assay ;  the  red  color  is  more  distinct  with  tin. 
Partly  soluble  in  nitric  add. 

Obs. — Occurs  with  crocoite  at  Beresof  in  Siberia,  generally  in  mammiUated  or  amoiphou 
masses,  or  thin  crusts  ;  idso  at  Pont  Gibaud  in  the  Puy  de  Dome ;  and  with  the  crocoite  of 
BrazU.  In  the  U.  States  it  has  been  found  at  the  lead  mine  near  Sing  Sing,  in  green  and 
brownish-green  mammiUary  concretions,  and  ^so  nearly  pulvemlent ;  and  at  the  Peqns  lead 
mine  in  Lancaster  Co.,  Pa.,  in  minute  crystals  and  radiated  aggregations  on  quarts  asc 
galenite,  of  a  siskin-  to  apple-green  color,  with  cemssite. 

LAXMA2TKITE  (pAaQ]AaMr0HiA<).~Naar  ▼awqndinitft,  but  held  to  be  a  ptoepho-chieauM 
Beresof 


oanroxET  ooxpoukdb. — sulfhatbb. 
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6.  SULPHATES. 


AiTHYDBous  Sulphates. 


Barite  Group. 


BAROTB.    Bazytei.    Hea^  Spax.    Sohwenpath,  Otirm, 

Orthorhombic.    /A  /=  101^  40',  <?  A  1-i  =  121^  60' ;  <5 :  2 :  a  =  1  61<W 
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Cheshire. 

:  1-2276  : 1.  <?  A 1  =  115^  42' ;  \'l  A  ft,  top,  =- 
102°  ir ;  l-«  A  !-{,  top,  =  74°  86.  Crystals  usn- 
ally  tabular,  as  in  figures;  sometimes  prismatic 
in  the  direction  of  the  different  axes.  Cleavage : 
basal  rather  perfect ;  /somewhat  less  so ;  iri  imperfect  Also  in  globmar 
forms,  fibrous  or  lamellar,  crested  ;  coarsely  laminated,  lamin»  convergent 
and  often  curved ;  also  granular ;  colors  sometimes  banded,  as  in  stalagmite. 
H,=2*6-3*5.  G.=4"3-4*72.  Lustre  vitreous,  inclining  to  i*esmous ; 
sometimes  pearly.  Streak  white.  Color  white ;  also  inclining  to  yellow, 
gray,  blue,  red,  or  brown,  dark  brown.  Transparent  to  translucent — opaque. 
Sometimes  fetid,  when  rubbed.     Optic-axial  plane  brachydiagonal. 

Oonip.—BaS04= Sulphur  triozide  84  "S,  baiyta  65-7=100.  Strontium  and  eometimefl  oal- 
dam  replace  part  of  tiie  barium ;  also  sUioa,  day,  bituminous  or  carbonaoeons  substances 
axe  often  present  as  impurities. 

Pyr.,  etc. — B.B.  decrepitates  and  fuses  at  8,  coloring  the  flame  yeUowish-green ;  the  fused 
mass  reacts  alkaline  with  test  paper.  On  charcoal  reduced  to  a  sulphide.  With  soda  givei 
at  first  a  clear  pear),  but  on  continued  blowing  yields  a  hepatic  mass,  which  spreads  out  and 
■oaks  into  the  ooal.  If  a  portion  of  this  mass  be  removed,  placed  on  a  clean  sUver  sui^ace, 
and  moistenedt  it  gives  a  black  spot  of  silver  sulphide.  Should  the  barite  contain  calcium 
sulphate,  this  wiU  not  be  absorbed  by  the  ooal  when  treated  in  powder  with  soda^  Insoluble 
inaddSb 

Dift — Distinguishing  characters:  high  specific  gravity,  higher  than  celestite  or  aragonite ; 
sleavage;  insolubility;  green  coloration  of  the  blowpipe  flame. # 

Oba. — OocuTB  commonly  in  oonnection  with  beds  or  veins  of  metaUic  ores,  as  part  of  thr 
gangne  of  the  ore.  It  is  met  with  in  necondary  limestono,  sometimes  forming  distinct  veins, 
■ad  often  in  oiystals  along  with  oaloite  and  oelestite.    At  Dufton,  in  Westmoreland.  Bng 
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land  *  in  Cornwall,  near  Liskeard,  etc.,  in  Cumberland  and  Lancaalure,  in  Derbjrshiie,  Staf 
fordshire,  etc.;  in  Scotland,  in  Ai^leshire,  at  Strontian.  Some  of  the  inoet  important 
European  localities  are  at  Felsobanya  and  Kremnitz,  at  Freiberg,  Marienberg,  Clausthal, 
Przibram.  and  at  Roya  and  Boure  in  Auvergne. 

In  the'  U.  S.,  in  Conn.,  at  Cheshire.  In  N.  Tork^  at  Pillar  Point;  at  Scohazie ;  in  St 
Lawrence  Co.;  at  Fowler ;  at  Hammond  In  Virginia^  at  Eldridge's  gold  mine  in  BnckingliaiD 
Co.;  near  Lexington,  in  Eookbridge  Co.;  Fauquier  Co.  In  Kentucky,  near  Paris ;  in  the  W. 
end  of  I.  Boyale,  L.  Superior,  and  on  Spar  Id.,  N.  shore.  In  Canada,  atLandsdown.  In 
fine  oiysti^s  near  Fort  Wallace,  New  Mexico. 

The  white  varieties  of  barite  are  ground  up  and  employed  as  a  white  paint,  either  slone  oi 
mixed  with  white  lead. 


OBLBSTITB. 

Orthorhombic.  /A  7  =104°  2'  (103''  30'-104:°  3O0,  (?  A 14  =  121° 
lOV ;  i  :  2  ;  af  =  1-6432  : 1-2807  : 1.  O  A 1  =  115°  38',  (?  A  l-«  =  127°  56', 
1  A 1,  mac,  =  112°  35',  1 A 1,  bi-ach.,  =  89°  26'.  Cleavage :  O  perfect ; 
/distinct;  t-i  less  distinct.  Also  fibrous  and  radiated;  sometimes  globu- 
lar ;  occasionally  granular. 
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H. =3-3-5.      G.=3-92-3-975.     Lustre  vitreous,  sometimes  inclining  to 
pearly.     Streak  white.     Color  white,  often  faint  bluish,  and  sometimes  red- 
aish.     Transparent— subtranslucent.     Fracture  imperfectly  conchoidal- 
uneven.    Very  brittle.     Trichroism  sometimes  very  distinct 

Oomp.— SrS04=Salphnr  trioxide  43*6,  etrontia  56*4=100.  WittBtein  finds  that  the  Um 
ooLor  of  the  oelestite  of  Jena  is  due  to  a  trace  of  a  phosphate  of  iron. 

Pyr.,  etc. — B.B.  frequently  ded'epitates,  fuses  at  8  to  a  white  pearl,  coloring  the  flame 
■tnmtia-red ;  the  fused  mass  reacts  alkaline.  On  diarcoal  fuses,  and  in  B.F.  is  oonvertod 
into  a  difficultly  fusible  hepatic  mass;  this  treated  with  hydrochloric  acid  and  alcohol  giT68 
an  intensely  red  flame.     With  soda  on  charcoal  reacts  like  barite.    Insoluble  in  adds. 

Diff. — ^Does  not  eflfervesce  with  acids  like  the  carbonates ;  specific  gravity  lower  than  that 
of  barite ;  colors  the  blowpipe  flame  red. 

Obs. — Celestite  is  usually  associated  with  limestone  or  sandstone.  Ooonrs  also  in  beda  of 
gypsum,  rock  salt,  and  clay  ;  and  with  sulphur  in  some  volcanic  regiona  Found  in  Sicily,  aft 
Giigenti  and  elsewhere  ;  at  Bex  in  Switzerland,  and  Gonil  in  Spain ;  at  Dombuzg,  near  Jena; 
in  the  department  of  the  Garonne,  France  ;  in  the  Tyrol ;  Betzbanya ;  in  rook  salt,  at  IscH 
Austria.  Found  in  the  Trenton  limestone  about  Lake  Huron,  particu'larly  on  Strontian 
Island,  and  at  Kingston  in  Canada ;  Ohaumont  Bay,  Scoharie,  and  Lockport,  N.  Y. ;  also 
the  Bessie  lead  mine ;  at  Bell's  Mills,  Blair  Co.,  Penn. 

Named  from  eaUstis,  celestial,  in  fusion  to  the  faint  shade  of  blue  often  presented  by  the 
mineral. 

BARTTOCBLESTrrB. — Oelestite  containing  barium  sulphate  36  p.  c.  (Grfiner),  30*4  p.  & 
(Turner).  l-iAl-i=74^  54^',  HAi-i=100^  35',  on  crystals  from  Imfeld  in  the  Binnenthal 
CNenunar).    Drummond  L,  Lake  Brie;  Ndrten,  Hanorer. 


^ 
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ANB7DRZTB. 

Orthorhombic.    /A  /=  100^  80',  O  A  l-i  =  127^  19';  6:1:4=2  1-8122 

:  1-2024  : 1.    l-i  A  1-i,  top,  =  85°.  Cleavage :  ?-i  very  per- 

704  feet ;  i-i  also  perfect ;  O  somewhat  less  so.     Also  librous, 

lamellar,    granular,    and    sometimes    impalpable.      The 

lamellar  and  columnar  varieties  often  curved  or  contorted. 

H.=3-3-5.    G.=2-899-2-986.    Lustre:  i-i  and  i-i  some- 

what  pearly;  O  vitreous;  in  massive  varieties,  vitreous 

inclining  to  pearly.      Color  white,  sometimes  a  grayish, 

bluish,  or  reddish  tinge;  also  brick-red.     Streak  grayish- 

fV    i — TI     ^l^ife*    Fracture  uneven;  of  finelv  lamellar  and  fibrous 

^  rx    1      NN     varieties,  splintery.     Optic-axial  plane  parallel  to  ?'-i,  or 

Stanfnrt.         plane  of  most  perfect  cleavage;  bisectrix  normal  to  O; 

(Jrailich. 

Var. — (a)  Ciystallized ;  deavable  in  its  three  reotangolar  direotioiis.  {b)  fibrons ;  either 
paraUel,  or  radiated,  or  plnmoae.  (e)  Fine  granular,  (d)  Scaly  granular.  Vulpinite  is  a  scalj 
granular  kin(i  from  Yulpino  in  Lombardy ;  it  is  out  and  polished  for  ornamental  purposes.  It 
does  not  ordlnarilj  contain  more  silica  than  common  anhydrite.  A  kind  in  contorted  concre- 
tionaiy  forms  in  the  tripestone  {OekrdsHtein). 

Oomp.— CaS04=SuIphurtrioxide  58*8,  Ume  41  •2=100. 

^rr.,  etc. — 6.B.  fuses  at  8,  coloring  the  flame  reddish -yellow,  and  yielding  an  enamel-like 
bead  which  reacts  alkaline.  On  charcoal  in  It.  P.  reduced  to  a  sulphide ;  with  soda  does  not 
fuse  to  a  dear  globule,  and  is  not  absorbed  by  the  coal  like  barite ;  it  is,  however,  decomposed, 
and  yields  a  maas  which  blackens  silver ;  with  fluorite  fuses  to  a  dear  pearl,  which  is 
enamel-white  on  cooling,  and  by  long  blowing  sweUs  up  and  becomes  infusible.  Soluble  in 
hydrochloric  add. 

DIE. — Characterized  by  its  cleavage  in  three  rectangular  directions ;  harder  than  gypsum ; 
does  not  effervesce  with  acids  like  the  carbonates. 

Obt. — Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  same 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rook  salt  Occurs  near 
Hall  in  Tyrol ;  at  Sulz  on  the  Neokar,  in  Wiirtemberg ;  Bleiberg  in  Gaxinthia ;  Li&neberg, 
Hanover;  Kapnik  in  Hungary ;  Ischl;  Aussee  in  Styria;  Berohtes^en;  Stossfnrt,  in  fine 
orystalsL     In  the  U.  Stat^  at  Lockport,  N.  T.     In  Nova  Scotia. 

ANaUSSITB.   Bldvitriol,  Oerm. 

Orthorhombic.  7a/=  103^  43f ,  C>  A  l-i  =  121^  20i',  Kokseharof  ; 
i:l:d=  1-64228  : 1-273634  : 1.  (? Al-i  =  127^ 48' ;  O A 1  =  115°  35^ ; 
1-1 A  l-i,  top,  =  75°  35^^  Crj'stals  sometimes  tabular ;  often  oblong  pris- 
matic, and  elongated  in  the  direction  of  either  of  the  axes  (as  seen  in  the 
fignres).  Cleavage:  7,  O,  bnt  interrupted.  The  planes  /  and  i-i  often 
vertically  striated,  and  ^i  horizontally.  Also  massive,  granular,  or  hardly 
Ba     Sometimes  stalactitic. 

H.=2-75-3.  G.= 6-12-6 -39.  Lustre  highly  adamantine  in  some  speci- 
mens, in  others  inclining  to  resinous  ana  viti-eous.  Color  white,  tinged 
yellow,  gray,  green,  and  sometimes  bhie.  Streak  uncolored.  Transparent 
—opaque.     Fracture  conchoidal.    Very  brittle. 

Oomp.— PbS04=^Sulphnr  trioxide  26*4,  lead  oxide  73*6=100. 

Pyr.,  etc.~-B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  (P.  =1-5).  On  charcoal  in  O. 
P.  fuses  to  a  dear  pearl,  which  on  cooling  becomes  milk-white ;  in  R.F.  is  reduced  with  eifer* 
teecence  to  metallic  lead.  With  soda  on  charcoal  in  R.F.  gives  metallic  lead,  and  the  soda 
is  absorbed  by  the  coal ;  when  the  surface  of  the  coal  is  removed  and  placed  on  bright  liJvei 
tnd  moiateniid  with  water  it  tarnishes  the  metal  black.    Difficoltlj  soluble  in  nitric  acid. 


DXBaBIFnTB  KINERALOOT. 


Obf. — This  ore  of  lead  wu  flnt  observed  by  Momtet  u  »  remit  of  the  deoomjMMidon  d 
nlenlte,  and  it  fi  often  f ooiid  In  itia  osvitiea.  Oocnm  in  ci7«tnls  st  Leadhillg ;  at  Fai7's  min 
m  AnKlesea ;  alao  at  Hslanowsth  in  Oomwall ;  in  Detbyehire  and  ia  Comberland :  CUnithil, 
ZiUemld,  and  Oiepenbaoh  in  tliB  Hon;  near  Sieg«n  in  Praaata:  Sohapbach  in  the BlKk 
Poiaat ;  in  Sardinia ;  maolTe  In  Siberia.  Andalusia,  Alston  Moor  in  Cnmberisnd ;  in  Ana- 
taaHa.  In  the  U.  S.,  In  Iniga  ciTEtala  at  Wheatlej'i  mine,  Phenizville,  Pa. ;  in  Himonii  Ind 
mines ;  at  the  lead  mines  of  Sonthampton,  Uam.  ;  at  Roeaia,  N.T.  ;  at  the  Walton  gold  mine, 
Loniaa  Co.,  Ta.     Compact  In  Arizona,  and  Oeno  Qocdo,  Gal. 

DsEBLiTB. — ShombohedraL  H.sS'S.  0.=8'2-3-4  Ooloz  white.  Compodtdon^Tttiii 
OaSOi  +  SBaSOi-     Ooonrs  is  anaU  rayBtalB  at  Geanjenn,  France ;  BadenwelleT,  Baden, 

DoiiBBOPHAStTB  (AmmAJ). — CoiSOt.  In  mfainte  oirttals.  Uonodinio.  Ooloi  brown. 
TemiTlna. 

Hydrootariti  (SeaeeM). — AnhTdnni  oopper  anlphate,  CnBO..  Color  akj-blne.  Tdj 
■olntde.    Tonivini. 

Afhthttalitk,  .dmmAtf.— K,SO.=PotMh  S4-1,  ■olphnric  aidd  4S'9=l<  ~ 

Thshabdite. — Sodium  nlphate,  NaiSOi.    Sp«dn;  Teeavin^ 


Orthorhombic  /a/=103°16',  (?Al-t  =  120  "10';  c:l.a  =  l-Wi 
:  1-2633  : 1.  Hemihodral  in  7  and  aomo  other  planes ;  hence  monoclinic  in 
nepect,  or  rhombohedral  when  in  componnd  cryetala.  Cleavage  i  i4  verj 
perfect ;  i-i  in  traces.  T^vinB,  f.  712,  consisting;  of  three  crystals ;  twioDiDg 
plane,  1-f  (see  f.  298,  p.  97) ;  also  parallel  with  I. 
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H.=2-5.  G.=6  26-6'44.  Lustre  of  t-t  pearly,  other  parts  resinous,  some* 
what  adamantine.  Color  white. 

passing   into    yellow,    green,  711  713 

or  gray.  Sti^eak  uncolored. 
Transpai*ent  —  translucent. 
Gonchoidal  fi*acture  scarcely 
observable.    JSathcr  sectile. 

Oomii. — ^Formerly  aooepted  for- 
mula, PbS04+8PbOO«=:Lead  sul- 
phate 27*45,  lead  carbonate  72-55= 
100.  Recent  inyeetigatione  by  Las* 
peyzes  (J.  pr.,  Oh.  U.,  v.,  470 ;  Yii, 
127;  ziii,  370),  and  Hintze  (Pogg. 
Aim.,  clli,  156),  though  not  entitely 
accordant,  give  different  zesnlts,  both 
show  the  presence  of  some  water.  Laspeyres  writes  the  formnla  empirically,  PbuCgStOti  4 
5HiO,  andHintse,  PbTG4Ss09i+2HtO.    Analyses:  1.  LaBpeyres;  2,  Hintse: 

SOs  GO,  PbO  H,0 

1.  814  806  81-91  1-87=100,  Laspeyrea 

2.  817  918  80-80  200=100'16,  Hintze. 

Pyr.,  etc. — B.B,  intamesces,  fuses  at  1*5,  and  turns  yeUow ;  but  white  on  cooling.  Easily 
reduced  on  charooaL  With  soda  affords  the  reaction  for  sulphuric  add.  Effervesces  briskly 
in  nitric  add,  and  leaTOS  white  lead  sulphate  undissolved. 

Obs.— This  ore  has  been  found  at  Leadhills  with  other  ores  of  lead ;  also  in  ctystals  at  Bed 
Gill,  Cumberland,  and  near  Taunton  in  Somersetshire ;  at  Iglesias,  Sardinia  {maasiU). 

SusAKNiTB. — Composition  as  for  leadhilUte,  but  form  rhombohedral.  Leadhills;  Nert- 
schinsk,  Siberia. 

CoNNBLLrrs.  — Hexagonal.  In  slender  needle-like  blue  crystals.  Contains  copper  sulphate 
and  copper  chloride.     Exact  compodtion  uncertain.    Cornwall. 

CALBDONrFB.— Monoclinic(<S;cAratf/).  H.  =2-5-8.  a.  =6*4.  Color  bluish-green.  B,SOt 
+  aq  (Flight),  with  B=Pb  :  Cu=7  :  8,  or  5PbS04+dH«CuOt+2H,PbOt.  This  requires : 
Sulphuric  trioxide  19*1,  lead  oxide  65*2,  copper  oxide  11  '4,  water  4*8=100.  Leadhills,  Scot- 
land; Bed  Gill;    Betsbanya ;  Mine  la  Hotte,  Missouri 

Lanarkftb.— Monoolinic.  H.=2-2'5.  G.=6'd-6*4.  Color  pale  yeUow,  or  greenish- 
white.  Transparent.  Compodtion  as  formerly  accepted,  PbS04+PbCOs.  New  analyses  by 
Flight,  and  by  Pisani,  show  the  absence  of  both  carbon  dioxide  and  water ;  compodtion 
accordingly  PbaSO»=PbS04+PbO,  which  requires :  Lead  sulphate  57-6,  lead  oxide  42*4=100. 
Leadhills ;  Siberia,  eta 
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Monoclinic.     (7=68^16',  7a/=83^20',  <?  A 14  =  186°  30' ;  6 
-i  0-8454  :  0-8267  : 1.    Cleavage :  O  perfect 

H.= 2-5-3.  G.= 2-64-2-85.  Lusti-e  vitreous.  Color 
pale  yellow  or  OTay ;  Bometimes  brick-red.  Streak  white. 
Fractore  conchoidal ;  brittle.    Taste  slightly  saline. 

OoaB|>.r-Na«Ca8iO»=8ulphur  trioxide  57*6,  lime  20*1,  soda  22*8= 
100. 

Pyr.y  eta— B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a 
white  enamel,  ctdoring  the  flame  intensely  yeUow.  On  charcoal  fuses 
in  O.F.  to  a  clear  bead  ;  in  R.F.  a  portion  is  absorbed  by  the  cbarcoaly 
leaving  an  infudbe  hepatic  reddue.  With  soda  on  charcoal  gives  the 
reaction  for  sulphur.  Soluble  ia  hydrochloric  add.  In  water  it  loses 
its  transparency,  is  partiaUy  dissolYod«  leaving  a  reddue  of  caldum 
sulphate,  and  in  a  large  excess  this  is  completely  diasolyed.  On  long 
exposure  absorbs  moisture  and  falls  to  pieces. 

Obs. — In  crystals  in  rock  salt  at  Villa  Bubia  in  Kew  Castile ;  also  at 
Anssee  in  Upper  Austria ;  in  Bavaria ;  at  the  salt  mines  of  Vic  in  France ; 
and  at  Borax  Lake,  Calif omia;  Province  of  Tarapaca,  Pern. 
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Hydrous    Sulphates. 


mgrpAWTT.rra.     Qlaubez  Salt 

MonocliDic  G  =  72^  15',  / A  /  =  86°  31',  C>  A  1-i  =  1 30°  19' ;  (f :  5 :  d 
=  1"1089  :  0*8962  : 1.  Cleavage :  iri  perfect.  Usually  in  efllorescciit 
crusts 

H.=  l'6-2.  G.=1'481.  Lustre  vitreous.  Color  white.  Transparent- 
opaque.    Taste  cool,  then  feebly  saline  and  bitter. 

Oomp.— NaJSO4+10aq=Sulphnr  triozide  34*8,  soda  10*3,  water  55*9=100. 

P3nc»f  etc. — ^In  the  closed  tabe  much  water ;  gives  an  intense  yeUow  to  the  flame.  Yexy 
loluble  in  water ;  the  Bolation  gives  with  barinm  Ealts  the  reaction  for  salphnxic  acid.  Falli 
to  powder  on  exposore  to  the  air,  and  becomes  anhydrous. 

Obs.— Oooors  at  Isohl  and  HaUstadt ;  also  in  Hongaiy ;  Switaedand ;  Italy;  at  Goipnzcoa 
in  Spain,  etc. ;  at  Eailna  on  Hawaii;  at  Windsor,  Nova  Scotia ;  also  near  Sweetwater  River, 
Bockj  Moontaina. 

Masoaonite,  Boussinoaulttts  (oerbolite),  Lecoktite,  and  OcjANOYUi<rrB  are  hydrooi 
Bnlphates  containing  ammonium. 


GYPSUM. 

Monoclinic.  C^=  66°  14',  if  the  vertical  prism  /  (see  f.  716)  correspond 
to  the  cleavage  prism  (second  cleavage),  and  the  basal  plane  O  to  the 
direction  of  the  third  cleavage.  /a/=138°  28',  14  A  14  =  128°  31'; 
<J:  J:  ^i  =  0-9:  2-4136:1.  C>A  1  ==  125°  35',  O  A  24=145°  41',  lAl  = 
143°  42',  24  A  24=111°  42'. 
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Cleavage:  (1)  t-i,  or  clinodiagonal,  eminent,  aflFording  easily  smooth  pol- 
ished folia ;  (2)  /,  imperfect,  fibrous,  and  often  apparent  in  internal  rifts  or 
linings,  making  with  O  (or  the  edge  %\l%ii)  the  angles  66°  14',  and  113^ 
46',  corresponding  to  the  obliquity  of  the  fundamental  prism;  (3)  6^, or 
basal,  imperfect,  but  affording  a  nearly  smooth  surface.  Twins :  1.  Twin- 
ning-plane  O  common  (f.  717) ;  also  1-i,  or  edge  1/1.  Simple  crystals  often 
with  warped  as  well  as  curved  surfaces.  Also  foliated  massive ;  lamellar 
Btellatc;  often  granular  massive;  and  sometimes  nearly  impalpable. 
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II.=l-5-2.     G.=2'314-2-328,  when  pure  crystals.      Lustre  of  i-l  pearly 
and  shining,  other  faces  subvitreous.      Massive  varieties  often  glistening, 
sometimes  dull  earthy.     Color  usually  white ;   sometimes  gray,  flesh-red, 
honey-yellow,  ochre-yellow,  blue ;  impure  varieties  often  black,  brown,  red 
or  reddish-brown.     Streak  white.     Transparent — opaque. 

Var. — ^1.  GrystalikecLf  or  Selmite;  either  in  distinct  crystalB  or  in  broad  folia,  tlie  folia 
•ometinieB  a  yard  across  and  transparent  throughout.  2.  Fibrous  ;  coarse  or  fine,  {a)  Satin 
fpar^  when  fine-fibrons  a  variety  which  has  the  pearly  opalescence  of  moonstone ;  {p)  plumose^ 
when  radiately  arranged.  8.  Massive;  Alabaste?*,  a  fine-grained  yariety,  either  white  oz 
delicately  shaded;  scaly  -  granvJUir ;  earthy  or  rock-gyps/am^  a  doll-colored  rock,  often  impure 
with  day  or  calcium  carbonate,  and  sometimes  with  anhydrite. 

Oomp — CaS04+2aq= Sulphur  trioxide  46*5,  lime  32(5,  water  20*9=100. 

Pyr.,  etc. — In  the  cloeed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  2*5-8,  color- 
ing the  flame  reddish-yellow.  For  other  reactions,  see  ANiiYDRrrB,  p.  889.  Ignited  at  a 
temperature  not  exceeding  200*'  C,  it  again  combines  with  water  when  moistened,  and 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  also  in  400  to  500  parts  of  water. 

Diff. — Characterised  by  its  softness;  it  does  not  effervesce  nor  gelatinize  with  acida^ 
Some  varieties  resemble  heulandite,  stilbite,  talc,  eta;  and  in  its  fibrous  forms  it  is  like  soma 
calcite. 

Oba. — Gypsum  often  forms  extensive  beds  in  connection  with  various  stratified  rocks,  espe- 
cially limestone,  and  marlytes  or  clay  beds.  It  occurs  occasionally  in  crystalline  I'ocks.  It  is 
also  a  product  of  volcanoes ;  produced  by  the  decomposition  of  pyrite  when  lime  is  present ; 
and  often  about  sulphur  springs ;  also  deposited  on  the  evaporation  of  sea-water  and  brines, 
in  which  it  exists  in  solution. 

Fine  specimens  are  found  in  the  salt  mines  of  Bex  in  Switzerland ;  at  HaU  in  the  Tyrol ; 
in  the  sulphur  mines  of  Sicily  ;  in  the  gypsum  formation  near  O^ana  in  Spain ;  in  the  clay  of 
Shotover  Hill,  near  Oxford ;  at  Montmartre,  near  Paris.  A  noted  locality  of  alabaster  occurs 
at  Castelino,  85  m.  from  Leghorn.  In  the  U.  S.  this  species  ooonrs  in  extensive  beds  in 
N.  York,  Ohio,  IlllnoiB,  Virginia,  Tennessee,  and  Arkansas ;  it  is  usually  associated  with  salt 
springs.  Also  in  Nova  Scotia,  Peru,  etc.  It  is  characteristic  of  the  so-called  triassic,  or  rtd 
htds^  of  the  Rocky  Mountain  region ;  also  of  the  Cretaceous  in  the  west,  particularly'  of  the 
days  of  the  Fort  Pierre  (proup.  in  which  it  occurs  in  the  form  of  transparent  plates. 

Handsome  selenite  and  snowy  gypsum  occur  in  N,  Yark^  near  Lockport ;  also  near  Camil- 
las. Onondaga  Co.  In  Marylawd^  on  the  St.  Mary^s,  in  clay.  In  Ohio^  laige  transparent 
crystals  have  been  found  at  Poland  and  Canfield,  Trumbull  Co.  In  Tsnn.^  selenite  and  ala- 
baster in  Davidson  Co.  In  Kentucky^  in  Mammoth  Cave,  in  the  form  of  rosettes,  etc.  In 
N'.  Scotia^  inr  Suflsex,  King's  Co.,  lazge  crystals,  often  containing  much  symmetrically  dis- 
seminated sand  (Marsh). 

Plaster  of  Paris  (or  gypsum  which  has  been  heated  and  ground  up)  is  used  for  making 
monlda,  takmg  oasts  of  statues,  medals,  etc  ;  for  producing  a  hard  finish  on  walls;  also  in 
the  manufacture  of  artificial  marble,  as  the  scagliola  tables  of  Leghorn,  and  in  the  glazing  of 
pozoelaan. 


POLTHALTTE. 

MonocHnic  (?).  A  prism  of  115®,  with  acute  edges  trnncated.  Usually  in 
compact  fibrous  masses. 

H.=:2-5-3.  G.=2-7689.  Lustre  resinous  or  slightly  pearly.  Streak 
red.  Color  flesh-  or  brick-red,  sometimes  yellowish.  Translucent — opaque 
Taste  bitter  and  astringent,  but  very  weak. 

Oomp.— 2RS04+aq,  where  B=Oa  :  Mg  :  K*  in  the  ratio  2:1:1;  that  is,  K8MgCasS40at 
-•-9aq=: Calcium  sulphate  46*2,  magnesium  sulphate  10*9,  potassium  sulphate  28  0,  water 
6-0=100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B  fuses  at  1  *5,  colors  the  flame  yellow.  On 
cbarcoal  fuses  to  a  reddish  globule,  which  in  R.F.  becomes  white,  and  on  cooling  has  a  saline 
hepatic  taste ;  with  soda  like  glauberite.  With  fluor  does  not  give  a  dear  bead.  Partially 
•clnble  in  water,  leavtog  a  residue  of  calcium  sulphate,  whioh  distolTes  in  a  lax*go  amount  of 
water 
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Obfc — OoooxB  at  4ihe  mines  of  iBohl,  Ebensee,  Aunsee,  Hallstatt,  and  Hallein  in  Anstiki 
with  common  salt,  gypanm,  and  anhydrite  ;  at  Berohtesgaden,  in  Bavaria ;  at  Vic  in  Lonaine. 

The  name  Polyhalite  is  derived  from  iroXvs,  many^  and  Bxs^  saU,  in  aliasion  to  the  nambei 
of  Balta  in  the  constitntion  of  the  mineral 

Stngenitb,  v.  SSepharaekh;  Kalnazite.  Bumpf, — Near  i^lyhalite.  Gomposifcion  BSO4  + 
aq,  with  B=Ca  :  Ks=l  :  1,  that  is,  K«GaSsOi+aq=Pota8Binm  solphate  53*1,  calcinm  sal* 
phate  41  '4,  water  5  *5 = 1 00.  Honodinio.  Ocean  in  small  tabular  czystals  in  cavities  in  hatila 
at  Kalnsz,  East  Galioia. 

Ejbbkbite.— HgS04+aq=Salphar  triozide  58*0,  magnesia  28-0,  water  180=100.  Stasi- 
fort. 

PiCBOMSRiTB  is  KtllierSs08+6aq=Si]lphar  triozide  89*8,  magnesia  9*9,  potash  28*4,  watef 
20-9=100.  Vesuvins;  Stassfnrt. 

Blobditb.— Composition  Na«Mg8,09+4aq=Snlphnr  triozide  47-9,  magnesia  12-0,  soda 
18*6,  water  21*5=100.  Salt  mines  of  Isohl;  also  in  the  Andes.  Sivohyitb  (Tgchermak)  k 
Identical. 

LacwEiTB.— 2Na3Mg3aOs+5aq=8iilphnr  triozide  52*1,  magnesU  180,  soda  20*2,  waftei 
14*7=100.    From  lachL 

SPSOBAITB.    Epsom  Salt.    Bittezsals,  G&rm. 

Orthorhombic,  and  geoerally  hemihedral  in  the  octahedral  modificatioDS. 
/A 7=  90°  34',  OAl-izzz  150°  2';  6:1:4  =  0-57d6  : 1-01  :  1.  14 A 1-1, 
basal,  =  59°  2Y',  1-iAl-t,  basal,  =  59°  56'.  Cleavage:  brachydiagonal, 
perfect.    Also  in  botryoidal  masses  and  delicately  librous  crusts. 

H.=2*25.  G.=l*751;  1*685,  artificial  salt.  Lustre  vitreous — earthy, 
Streak  and  color  white.    Transparent — ^translucent    Taste  bitter  and  saline. 

Oomp. — ^Hc^4+7aq,  when  pnre=Snlphnr  triozide  82*5,  magnesia  16*3,  water  51  "2=100. 

Pyr.,  etc, — Liquifies  in  its  water  of  cnrstalJization.  Gives  much  water  in  the  closed  tube 
at  a  high  temperature;  the  water  is  acid.  B.B.  on  charcoal  fuses  at  first,  and  finally  yields 
an  infcusible  alkaline  mass,  which,  with  oobiJt  solution,  gives  a  pink  oolor  on  ignition.  Veiy 
soluble  in  water,  and  has  a  very  bitter  taste. 

Obs. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capiUaiy  efiioresoenoe  on 
rooks,  in  the  gaUeries  of  mines,  and  elsewhere.  In  the  former  state  it  exists  at  Epsom,  Eng- 
land, and  at  Sedlitz  and  Saidschntz  in  Bohemia.  At  Idria  in  Camiola  it  occurs  in  silky  fibxv, 
and  is  hence  called  hcUrsalt  by  the  workmen.  Also  obtained  at  the  gypsum  quarries  of  Host- 
martre,  near  Paris ;  in  Aragon  and  Catalonia  in  Spain ;  in  Chili ;  found  at  Vesuvius,  eta 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  ooyered  with  epsomite,  in  minute  crystals,  mingled  with  the  earth.  In  the  Mam- 
moth Cave,  Ky.y  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

FAnsEBTTB. — A  hydrous  manganese-magnesium  sulphate.     Hungazy. 


Copperas  O-roup. 

OHALOANTHITB.    Blue  ^triol.    Kupfervitriol,  Qerm, 

Triclinic.  O A /=  109°  32',  Osl  =  \2T  40',  7a i'  =  128°  10',  OaI 
=125°  38',  O  A  t-i  =  120°  60',  O  A  ^  =  103°  27'.  Cleavage :  /  impe^ 
feet,  /'  very  imperfect.    Occure  also  amorphous,  stalactitic,  i-eniform. 

H.=2-5.  G.=2-213.  Lustre  vitreous.  Color  Berlin-blue  to  sky-bine, 
of  different  shades ;  sometimes  a  little  ^^reenish.  Streak  nncolored.  Sab- 
transparent — translucent.    Taste  metallic  and  nauseous.    Somewhat  brittle. 

Oomp.— GUSO4  4  6aq=Sulphur  triozide  32*1,  oopper  oxide  31*8,  water  36*1=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphuric  add. 
B.B.  with  soda  on  charcoal  yieldi?  metallic  oopper.  With  t£e  fluxes  reacts  for  oopper.  Sola- 
tile  in  water;  a  drop  of  the  soludon  placed  on  a  surface  of  iron  coats  it  with  metallic  oopper. 

Obs.«-Blue  yitri<d  ig  found  in  waters  issuing  from  mines,  and  in  connection  with  rooks  con* 
teining  chaloopyrite,  by  the  alteration  of  which  it  ia  formed.    Some  of  ita  foreign  localitiaf 
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■m  fhe  BammelBbetg  mine,  near  Goslar,  in  the  Han ;  Fahlnn  in  Sweden ;  at  Paiys  mine; 
Anglesey;  at  yarions  mines  in  Go.  of  Wicklow;  Rio  Tinto  mine,  Spain.  Found  at  the 
Hiwassee  oopper  mine,  and  other  mines,  in  Polk  Co. ,  Tennessee ;  at  tiie  Canton  mine,  Georgia ; 
at  Oopiapo,  Chili,  with  styptioite. 

When  pturified  it  is  employed  in  dyeing  operations,  and  in  the  printing  of  ootton  and  linen, 
and  for  varions  other  purposes  in  the  arts.  It  is  manufaotnred  mostly  from  old  sheathing, 
oopper  trimmings,  and  reflneiy  soales. 

Other  vitridls  are : — Mblamtbritb,  iron  vitriol ;  Pibanitb,  iron-oopper  vitriol ;  Gk>8LAB- 
rrs,  zino  vitriol;  Bibbbritb,  cobalt  vitiriol ;  Morbnositb,  niokel  vitriol ;  Cupromaonbbitb, 
oopper-magnesiam  vitriol  (Vesavias).  These  are  all  alike  in  oontaining  7  moleooles  of  watei 
of  osystallkation. 

AiiUNOOEK  (Haarsals,  <70rm.)-~^SsOas+18aq=:Sa]phnrtrioxide86'O,  alnmlnal6*4,  watei 
48-6=100.     Taste  like  that  of  alum.     Vesuvius;  Eonigsberg,  Hungary. 

CoQUDfBrrB.— FeSsOia+9aq=Su]phur  trioxide  42*7,  iron  sesquioxide  28*5,  water  28'8s 
100.    Coquimbo,  Chili. 

HTTBiHeiTB  (XdiAmann).— Analysis,  SOs  16*64,  M0»  7*76,  CaO  27*27,  HsO  46*82.  In  hei»- 
gonal  needle-like  oiTBtBls  from  the  lava  at  Ettringen,  Laacher  See. 

Ahim  and  EdIatrichiU  QroupB. 

Here  belong :  Tscbbbmioitb,  ammonium  alum.  Kalinitb,  potassium  alum,  or  oommon 
alum.  Kbndozitb,  sodium  alum.  Pickbbcngitb,  magnesium  alum.  Afjohnitb,  man* 
ganese  alum.  BosjEMAionrE,  mangano-magnesium  alum.  Halotbichitb,  iron  alum. 
Also  BoMEBiTS,  and  Voltaitb. 


OOFXAPITB. 

Hexagonal  (?).  Loose  aggregation  of  crystalline  scales,  or  granular  massive, 
the  scales  rhombic  or  hexagonal  tables.  Cleavage:  basal,  perfect  In- 
crasting. 

H.=1'6.  G.=2'14,  Borcher.  Lustre  pearly.  Color  sulphur-yellow, 
citron-yellow.     Translucent. 

Oomp.— Se,SsO,i  +  ISaq ;  nSeSad,  +  H.FeOa  +  86HaO  =  Sulphur  trioxide  41*9,  iron 
sesquioxide  88*6,  water  24*5  =  100. 

Pyr.,  etc. — ^Tlelds  water,  and  at  a  higher  temi>eratnre  sulphurio  acid.  On  dhaiooal  be- 
comes magnetio,  and  with  soda  affords  the  reaction  for  sulphur.  With  the  fluxes  zeaotions 
for  lion.    In  water  insoluble. 

Obsr--Gommon  as  a  result  of  the  decomposition  of  pyrite  at  the  Bammelsbezg  mine,  neai 
Goalar  in  the  Han,  and  elsewhere. 

This  speoies  is  tiie  yellow  copperas  long  called  miaj,  and  it  might  weU  bear  now  the  name 
MityUU. 

BAncoiTDiTB.— <k>mpoBition  FeiSsOi»+7aq.  FiBROFEBBriB  (stjptidte).— Compositioii 
PeS,O»+10aq. 

BoTRTOOBiT  is  red  iron  yitriol,  exact  composition  uncertain.  Fahlun,  Sweden.  Bartro* 
LOiOTB,  West  Indies,  is  related. 

Iblbite.— Fe  SsOn+lSaq.  Occurs  as  a  yellow  efflcresoenoe  >n  graphite  from  Mngiaa« 
Bohemia  {Sehravf). 


ALUMZHITB. 


Renif orm,  massive ;  impalpable. 

H.=l-2.     G.=l-66.     Lnstre  dull,  earthy.     Color  white.     Opaque. 
Fracture  earthy.    Adheres  to  the  tongue ;  meagre  to  the  touch 
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Oomp.— AlSO6+0aq=SiilplinT  trioxide  28*2,  alnminA  29*8,  water  47*0=100. 

Pyr.,  eto. — In  the  cloeed  tabe  giyes  much  water,  which,  at  a  high  temperatare,  beoomM 
acid  from  the  evolationof  Bulphurons  and  solphario  oxides.  B.B.  infnmble.  Withcobolt 
solution  a  fine  blue  color.     With  soda  on  charcoal  a  hepatic  mass.    Soluble  in  adds. 

Obs. — Occurs  in  connection  with  beds  of  clay  in  the  Tertiary  and  Post- tertiary  formations. 
Found  near  Halle ;  at  Newhaven,  Sussex ;  Epemay,  in  Lunel  Vieil,  and  Auteuil,  in  France 

WsiiTHEiiANiTR.— AlSOs+daq.    G.=2'80.    Occurs  near  Chachapoyas,  in  Peru. 

Alunitb,  Alaunstein.  Qerm, — Oomposition  K^ AlflS40s«  +  6aq.  Bhombohedral.  Also 
massiye,  fibrous.  Forms  seams  in  trachyte  and  allied  rocks.  Tolfa,  near  Rome ;  Tuscany; 
Hungary ;  Mt.  Dore,  Franoe,  eto. 

L5WIGITE.— Same  oomposition  as  alunite,  bat  contains  8  parts  more  of  water.  Tabzxe, 
Silesia. 

UNARITE.    Bleilasur,  Kupferbleispath,  Oerm, 

Monoclinic.     0^=  77°  27' ;  7a  7,  over  U,  =  61°  36',  (9  A  1-i  =  141°  5', 

c:h:d=:  0-48134  :  0-5S19  :  1,  Hessenberg.  Twins: 
twinniug-plane  i-i  comnion  ;  O  t\0'  -=■  154**  64'. 
Cleavage :  i-i  very  perfect ;  O  less  so. 

1I.=2*5.  G.=5.3-5*45.  Lustre  vitreous  or  ada- 
mautine.  Color  deep  azure-blue.  Streak  pale  bine. 
Translucent.    Fracture  conchoidal.    Lrittle. 

Oomp.--PbCuSO.+aq=(Pb.Cu)S04+H9(Pb,0u)0a— Sulphur  trioxide  20  0,  lead  oxide  55  7, 
copper  oxide  10-8,  water  4*5=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water  and  loses  its  blue  color.  B.B.  on  charcoal  fiue§ 
easily  to  a  pearl,  and  in  B.F.  is  reduced  to  a  metallic  globule  which  by  continued  treatment 
coats  the  coal  with  lead  oxide,  and  if  fused  boron  trioxide  is  added  yields  a  pure  globule  of 
copper.  With  soda  gives  the  reaction  for  sulphur.  Decomposed  with  nitric  add,  leaving  a 
white  residue  of  lead  sulphate. 

Obs. — Formerly  found  at  Leadhills.  Occurs  at  Boughten Oill,  Bed  Gill,  etc.,  in  Onmbe^ 
land  ;  near  Schneebeig,  rare ;  in  Dillenbuig;  atBetzbanya;  in  Nertschinsk ;  and  near  Bereaof 
in  the  Ural ;  and  supposed  formerly  to  be  found  at  Linares  in  Spain,  whence  the  name. 


BROOHANTTTE. 

Monoclinic  G  =  89^  27i'.  7  A  /  =  104^  6i',  <?  A 14  =  154^  12*' ;  h : 
J  :  4  =  0*61983  : 1-28242  :  1.  Bchrauf  distinguishes  four  types  of  forms : 
I.  Brochantite  from  Eetzbanya  (two  varieties),  also  fi-om  Cornwall  and 
Russia,  triclinic ;  II.  Wan^ingtonite  from  Coi-nwall,  a  third  variety  from 
Iletzbanya,  monoclinic  (?) ;  III.  Brochantite  from  Nischne-Tagilsk,  mono- 
clinic— triclinic ;  IV.  Konigine  from  Kussia,  and  a  fourth  variety  from  Eetz- 
banya, monoclinic  (or  orthorhombic). 

Also  in  croups  of  acicular  crystals  and  drusy  crusts.  Cleavage :  i-i  very 
perfect;  im  traces.    Also  massive;  reniform  with  a  columnar  structure. 

H.=3-5-4.  G.=3-78-3-87,  Magnus ;  3*9069,  G,  Rose.  Lusti-e  vitreous; 
a  little  pearly  on  the  cleavage-face.  Color  emerald-green,  blackish-green. 
Streak  paler  green.    Transparent — translucent. 

Oomp.— Ou4S07  +  8HaO=OuS04  +  3HaOuO«=Sulphur  trioxide  17*71,  copper  oxide  70-34, 
water  111)5=100.  This  formula  belongs  to  type  IV.,  above ;  the  warnugtonite  cozreepondi 
more  nearly  to  CuS04+3HaCu0i-^Ha0,  and  the  existence  of  other  varieties  has  been  also 
■asumed. 

Pyr.,  etc. — ^Yields  water,  and  at  a  higher  temperature  sulphuric  add,  in  the  closed  tube, 
and  becomes  black.  B.B.  fuses,  and  on  charcoal  affords  metaUio  copper.  With  soda  givei 
the  reaction  for  sulphuric  add. 
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at  GmnetoheTBk  and  Niaohne-Tagilak  in  the  Ural ;  the  Kdnigrine  (or  JSdnigite] 

■  from  Gnmenchevrit  i  near  Bough  ton  Gill,  in  Cumberland^  in  Cornwall  (in  part  warrifig- 
UmiU) ;  at  Betzbanya ;  m  Nassau ;  at  EriBuvig  in  Iceland  {JemutigiU) ;  in  Mexico  {bt'ongnar- 
tine) ;  in  ChiU,  at  Andacollo ;  in  Australia. 

Named  after  Brochant  de  YiUiers. 

Lanoitu. — CuS04+2HaCuOi+2aq.  In  czystalB  and  conoretionary  crusts  of  a  blue  oolor. 
0.=8-6.     Cornwall. 

Ctaxotricuitk,  Lettsomite.  Eupfersammtens,  Oatn. — In  velvetj  drusee.  Color  blue. 
A  hydrous  sulphate  of  copper  and  aluminum.  Moldava  in  the  Banat.  Woodwardite,  ncai 
the  abore. 

KnoMKiTK  — CuSO 4-^  Nat S04  +  2aq= Copper  sulphate  47*2,  sodium  sulphate  42 '1,  watex 
10*7=100.  In  irregular  crystidliue  masses  of  a  coarse  fibrous  structure,  prismatia  Colox 
azure- blue.  Hoist  to  the  touch.  Found  in  the  copper  mines  near  Calama,  Bolivia.  (Dameyko.) 

PHiLr.TPiTE. — CuS04+FeSaOi9+naq.  In  irregular  fibrous  masses,  not  prismatic.  Coloi 
blue.     In  the  oordilleras  of  Condes,  Santiago,  Chili.     {Domeyko. ) 

£KT6iTB.~Oocur8  in  stalactitic  forms  in  a  cave.  H.  =2-2*4.  G.=1'59.  Color  bluish- 
green.  B.B.  infusible.  Analysis:  SO.  8*12,  atiO.  29*85,  CuO  16*91,  CaO  1*85,  H^O  89*42, 
SiO,  3*40,  CO,  1  05=100.     Near  St.  Agnes,  ComwalL    {CdlUng,  Min  ^.,  1.  p.  14.) 

URANiiTii-BULPHATxa — There  are  included  here  J^ia/im'^,  uranoehaleite,  nudjidUe^  eippeits, 
w^UaniiSy  wrawnUt,  These  are  secondary  products  found  with  other  omumn  minerals  al 
Jmmhiinrthal. 


Tkllubates. 


MONTANTTXI. 

Incrnsting;  without  distinct  crystalline  structure. 
Soft  and  earthy.    Lustre    dull    to  waxy.    Color  yellowish  to  whita 
Opaque. 

Oomp.»Bi3TeO«+2aq=TeUurinm  trioxide  20*1,  bismuth  oxide  68-6,  water  5-8=:100. 
Pyr.,  etc. — ^Yields  water  in  a  tube  when  heated.    B.B.  gives  the  reactions  of  bismuth  and 
fealliiziiun.     Soluble  in  dilute  hydrochloric  acid. 
Otab— Jncmsts  tetndymite,  ai  Highland,  in  Hontana ;  Davidson  Ga,  N.  0. 
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7.  OAItBONATES. 

Abutdbous  Cabboitateb. 

Caleite  Group. 

OALOrrS.  Oalo  Spu.    Kklkv»ti^  (?<nN. 

Rhombohedral.    5a^,  terminal,  =  105'  5',  (?a5  =  185''  28';  i a 
0-8643.    Cleavage:  ^  highly  perfect 


Term.  Edn.  0^B 

0$°  S8'  13B*    » 

2(-2)       78*  61'  U6*  W 

4(-4)       W  60"  lOi"  IT 


AH0I.E8  or  8CAi.BnoBSDBon& 


KIg«  I  (t  734). 

T. 

Z. 

188'  5' 

ISQ"  34- 

G4'  64' 

las'  W 

148''  10' 

80°  30 

104' 88- 

144°  24' 

183°  68 

1»°  1' 

134°  28' 

ISO*  44 

1^87- 

T. 

Z. 

164°  1- 

67°  4V 

107*  88' 

146-  IB' 

184°  88^ 

117°  38- 

X4B°  43' 

iua°  W 

93°  V 

158°  18' 

IK*  11 
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axes 


Twins :  (1)  Twinning-plane  basal  (or  parallel  to  O).    ^2)  R,  the  vertical 

[es  of  the  two  forms  nearly  at  right  angles.  (3)  —  2J?.  (4)  — i^,  tie 
vertical  axes  of  the  two  forms  inclined  to  one  another  127^  34^  (5)  Pris- 
matic plane  ^2.    (6)  plane  i  (see  p.  95). 

Also  fibrous,  both  coai*8e  and  fine;  sometimes  lamellar;  of  ten  granular ; 
from  coarse  to  impalpable,  and  compact  to  earthy.  Also  stalactitic,  tube- 
rose, nodular,  and  otner  imitative  forms. 

H.=2-5-3-5  ;  some  earthy  kinds  (chalk,  etc.)  1.  G.=2-508-2-778  ;  pure 
"rrystals,  2-72i3-2-7234,  Beud.  Lustre  vitreous — subvitreous — earthy.  Color 
'i^hite  or  colorless ;  also  various  pale  shades  of  gray,  red,  green,  blue,  violet| 
yellow;  also  brown  and  black  when  impure.  Streak  white  or  grayish. 
Transparent — opaque.  Fracture  usually  conchoidal,  but  obtained  with 
difiBciuty  when  the  specimen  is  crystallized.    Double  refraction  strong. 


720 


730 


731 


DezfajahiTO. 


Alston-Moor. 


Oomm  ▼ar.--Galcite  is  caloiam  carbonate,  GaGOs=0arbon  dioxide  4i,  lime  56=100. 
Part  of  the  calcium  is  sometimes  replaced  by  magnesium,  iron,  or  manganese,  more  rarely  by 
strontium,  barium,  sine,  or  lead. 

The  Tarietics  are  veiy  numerous,  and  diyerse  in  appearance.  They  depend  mainly  on  the 
foUowing  points :  (1)  differences  in  crystallization ;  (2)  in  structural  condition,  the  extremei 
being  perfect  crystals  and  earthy  massive  forms ;  (3)  in  color,  diaphaneity,  odor  on  friction, 
due  to  impurities ;  (4)  in  modes  of  origin. 

1.  CryttaUized,  Crystals  and  ciystaUized  masses  afford  easily  cleavage  rhombohedrons ;  and 
when  transparent  they  are  caUed  Icdand  Spar^  and  also  DonUy-rtfraeting  8pa/r  (Doppels- 
path,  Oenn,). 

The  crystals  vary  in  proportions  from  broad  tabular  to  moderately  slender  adcular,  and 
take  a  great  diversity  of  forms.  Bat  the  extreme  kinds  so  pass  into  one  another  through  those 
that  are  intermediate  that  no  satisfactory  classification  is  possible.  Many  are  stout  or  short 
in  shape  becau**')  normally  so.      But  other  forms  that  are  long  tapering  in  their  full  derekq^^ 
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ment  oooar  short  and  stout  beoanse  abbreviated  by  an  abrupt  terminatiou  in  a  broad  o,  or  as 
obtuse  rhombohedron  (as  -i  or  S),  or  a  low  scalenohedron  (as  i'),  or  a  oombiuation  of  those 
forms ;  and  thus  the  orsrstals  having  essentially  the  same  combinations  of  planes  vaiy  greatly 
in  shape.     The  acute  soalenohedrons  like  f.  724,  are  called  dog-tooth  spar, 

Fontainebleau  limestone.  Crystals  of  the  form  in  f.  719c,  from  Fontainebleau  and  Nen.oiUB 
France,  containing  a  large  amount  of  sand,  some  50  to  63  p.  o.     Similar  sandstone  dys- 
tals  occur  at  Sievring,  near  Vienna,  and  elsewhere.    Pseudomorphous  soalenohedrons  of  sand- 
stone, after  calcite,  are  found  near  Heidelberg. 

Satin  Spar;  fine  fibrous,  with  a  silky  lustre.  Besembles  fibrous  gypsum,  whi<&  is  also 
oaUed  satin  spar,  but  is  much  harder  and  effervesces  with  adds.  Argentine  {Sehieferspath), 
a  pearly  lamellar  calcite,  the  lamellie  more  or  less  undulating;  coloi  white,  grayish.  yeUowish, 
or  reddish.  AphriCe,  in  its  harder  and  more  sparry  variety  (Schaumspath)  is  a  foliated  white 
pearly  calcite,  near  argentine ;  in  its  softer  kinds  (Schaumerds^  SUttery  ChaXk^  Ecume  de  Terre 
H.)  it  approaches  chaUc,  though  lighter,  pearly  in  lustre,  silvery-white  or  yellowish  in  color, 
soft  and  greasy  to  the  touch,  and  more  or  less  scaly  in  structure. 

S.  Massive  Varieties,  OrantUar  limestone  (Siecharoidai  Utnestone,  so  named  because  like  loaf- 
sugar  in  fracture).  The  texture  varies  from  quite  coarse  to  very  fine  granular,  and  the  lattez 
passes  by  imperceptible  shades  into  compact  limestone.  The  colors  are  various,  as  white, 
yellow,  reddish,  green,  and  usually  they  are  clouded  and  give  a  handsome  effect  when  the 
material  is  polished.  When  such  limestones  are  fit  for  poUshing,  or  for  architectural  or  orna- 
mental use,  they  are  cidled  marbles.  Statuary/  marble  is  pure  white,  fine  grained,  and  firm 
in  texture.  Mard  compact  litnestone^  varies  from  nearly  pure  white,  through  grayish,  drab, 
buff,  yellowish,  and  reddish  shades,  to  bluish-gray,  dark  brownish-gray,  and  black,  and  is  some- 
times variously  veined.  The  colors  dull,  excepting  ochre-yellow  and  ochre-red  varietiee. 
Many  kinds  make  beautiful  marble  when  polished. 

SfuU-marble  includes  kinds  consisting  largely  of  fossil  shells.  Ruin'marbk  is  a  kind  of  com- 
pact calcareous  marl,  showing,  when  polished,  pictures  of  fortifications,  temples,  etc.,  in  mios, 
due  to  infiltration  of  oxide  of  iron.  Lithographic  stone  is  a  very  even  grained  compact  Ume- 
stone,  usually  of  buff  or  drab  color ;  as  that  of  Solenhof en.  Breccia  marble  is  made  of  frag- 
ments of  limestone  cemented  together,  and  is  often  veiy  beautiful  when  the  fragments  are  of 
different  colors,  or  axe  imbedded  in  a  base  that  contrasts  well.  The  colors  are  very  varioas. 
Pudding  stone  marble  consists  of  pebbles  or  rounded  stones  cemented.  It  is  often  called, 
improperly,  breccia  marble. 

Hgdraulic  limestone  is  an  impure  limestone.  The  varieties  in  the  United  States  contain  20 
to  40  p.  o.  of  magnesia,  and  12  to  30  p.  c.  of  silica  and  alumina. 

Soft  compact  Umestone,  OhaUc  is  white,  grayish-white,  or  yellowish,  and  soft  enough  to 
leave  a  trace  on  a  board.  The  consolidation  into  a  rock  of  such  softness  may  be  owing  to  the 
fact  that  the  material  is  largely  the  hollow  shells  of  rhisopods.  Calcareous  marl  (Mez^el- 
kalk,  Oerm. )  is  a  soft  earthy  deposit,  often  hardly  at  all  consolidated,  with  or  without  dis- 
tinct fragments  of  shells ;  it  generally  contains  much  clay,  and  graduates  into  a  calcareons 
clay. 

Concretionarg  massive.  OdUte  (Rogenstein,  Oerm,)  is  a  granular  limestone,  but  its  graixii 
are  minute  rounded  concretions,  looking  somewhat  like  the  roe  of  a  fish,  the  name  coming 
from  *uov^  egg.  It  occurs  among  all  tho  geological  formations,  from  the  Lower  Silurian  to 
the  meet  recent,  and  it  is  now  forming  about  the  coral  reefs  of  Florida.  Pisolite  (Erbsentein, 
Germ.)  consists  of  concretions  as  large  often  as  a  small  pea,  or  even  larger,  the  concretiom 
having  usually  a  distinct  concentric  structure.  It  is  formed  in  large  masses  in  the  vicinity  of 
the  Hot  Springs  at  Carlsbad  in  Bohemia. 

DepositA^rom  caicareoits  springs,  streams,  or  in  caverns,  etc.  (a)  Stalactites  are  the  calcaxeoiu 
cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are  formed  from 
the  waters  tfiat  drip  through  the  roof ;  these  waters  hold  some  calcium  bicarbonate  in  eola- 
tion, and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation  takes  place.  Sta- 
lactites vary  from  transparent  to  nearly  opaque ;  from  a  granular  crystalline  structure  to  a 
radiating  fibrous ;  from  a  white  color  and  colorless  to  yellowish-gray  and  brown,  {b)  Stalag- 
mite is  the  same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that 
drop  from  the  roofs,  or  from  sources  over  the  bottom  or  sides ;  cones  of  it  sometimes  rise  from 
the  floor  to  meet  the  stalactites  above. 

(o)  Oalo-sinUr,  l^avertine^  Caio  Tufa.  Travertine  (Gonfetto  di  TivoU)  is  of  essentially  the 
same  origin  with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially 
where  in  large  deposits,  as  along  the  river  Anlo,  at  Tivoli,  near  Rome,  where  the  deposit  it 
■cores  of  feet  in  ijiickness.  It  has  a  very  cavernous  and  irregularly  banded  structure,  owing 
to  its  mode  of  formation. 

(d)  Agaric  mineral;  Bock-milk  {DergmUcU,  MontmUcfi,  Gkrm.)  is  a  very  soft,  white  matenal, 
breaking  easily  in  the  fingers,  deposited  sometimes  in  cavenis,  or  about  soaices  holding  lin^ 
inadatioii. 
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{4)  Bochmidl  {Bergmeki,  Germ.)  is  white  and  light,  like  ootton,  becoming  a  powder  on  the 
lightest  preflsore.  It  is  an  effioreficenoe,  and  is  oommon  near  Paris,  eapecially  at  the  quarries 
of  Nanterre. 

^yr^  etc. — In  the  closed  tabe  sometimes  decrepitates,  and,  if  containing  metallic  oxides, 
may  change  its  color.  B.B.  infusible,  but  becomes  caustic,  rIows,  and  colors  the  flame  red  ' 
after  ignition  the  assay  reacts  alkaline ;  moistened  with  hydrochloric  acid  imparts  the  charac- 
teristic lime  color  to  the  flame.  In  borax  dissolves  with  effervescence,  and  if  saturated, 
yields  on  cooling  an  opaque,  milk-white,  crystalline  bead.  Varieties  containing  metallic 
oxides  color  the  borax  and  salt  of  phosphorus  beads  accordingly.  With  soda  on  platinum  foil 
fused  to  a  clear  mass ;  on  charcoal  it  at  first  fuses,  but  later  the  soda  is  absorbed  by  the  ooaL» 
leaving  an  infusible  and  strongly  luminous  residue  of  lime.  In  the  solid  mass  effervesces 
when  moistened  with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even 
iii  cold  acid. 

DifL — Distinguishing  characters :  perfect  rhombohedral  cleavage ;  softness,  can  be  scratched 
with  a  knife  ;  effervescence  in  cold  dilute  acid ;  inf usibility.  Less  hard  and  of  lower  specific 
gravity  than  aragonite. 

Oba. — Andreasberg  in  the  Hars  is  one  of  the  best  European  localities  of  crystallized  calcite ; 
there  are  other  localities  in  the  Tyrol,  Styria,  Oarinthia,  Hungaiy,  Saxony,  Hesse  Darmstadt 
(at  Anerbach),  Hease  Gassel,  Norway,  France,  and  in  England  in  Derbyshire,  Cumberland, 
Cornwall ;    Scotland ;  in  Iceland. 

In  the  tX.  States  prominent  localities  are :  in  iV.  Tork,  in  St.  Lawrence  and  Jefferson  Cos., 
eapeoially  at  the  Bessie  lead  mine  ;  in  Antwerp;  dog-tooth  spar,  in  Niagara  Co.,  near  Lock- 
port  ;  near  Booneville,  Oneida  Go. ;  at  Anthony^s  Nose,  on  the  Hudson ;  at  Watertown, 
AgariG  minerai;  at  Schoharie,  fine  stalaetUes  in  many  caverns.  In  Conn,,  at  the  lead  mine, 
Middletown.  In  iV.  Jersty,  at  Beigen.  In  Virginia,  at  the  celebrated  Wier^s  cave,  UaiacUUtk 
of  great  beauty;  Also  in  the  large  caves  of  Kentucky.    At  the  Lake  Superior  copper  mines, 

Jplendid  ciystals  often  containing  scales  of  native  copper.     At  Warsaw,  JMnoi$  ;  at  Quinoy. 
0./  at  Haxle  Green,  Wi$»    In  Nova  Scotia,  at  Partridge  L 


BOLOMITAI. 

Rhombohedral.  ^AiZ  =  106^  15',  C^AiZ  =  136^  8i';  o  =  0-8322, 
RsR  varies  between  106°  10' and  106°  20'.  Cleavage : 
li  perfect.  Faces  li  often  curved,  and  secondary 
planes  usually  with  hoiizontai  strise.  Twins :  similar 
to  f .  733.  Also  in  imitative  shapes ;  also  amorphous, 
granular,  coarse  or  fine,  and  grains  often  slightly 
coherent 

H.=8-5-4.  G.=2-8-2-9,  true  dolomite.  Lustre  vit- 
reous, inclining  to  pearly  in  some  varieties.  Color  white,  reddish,  or  green- 
idi-white ;  also  rose-red,  green,  brown,  gray,  and  black.  Subtransparent  to 
translucent.    Brittle. 


Ck>mp,,  Var. — (Ca,Mg)009,  the  ratio  of  Ca  :  Mg  in  normal  or  true  dolomite  i^  :  l=Oal* 
einm  carbonate  54*85,  magnesium  carbonale  45d5.  SoVne  kinds  included  und^the  name 
have  other  proportiona ;  but  this  may  arise  from  their  being  mixtures  of  dolomite  with  calcite 
or  magnesite.    Iron,  manganeae,  and  more  rarely  cobalt  or  zinc  are  sometimes  present. 

The  varieties  are  the  following : 

CrystaUiMd,  Pearl  spar  includes  rhombohedral  ciystalliaationa  with  curved  faces.  CcHum- 
nar  or  fibrous.  Granular  constitutes  many  of  the  kinds  of  white  stituary  marble,  and  white 
and  colored  architectural  marbles,  names  of  some  of  which  have  been  mentioned  under  calcite. 

Compact  massive,  like  ordinary  limestone.  Many  of  the  limestone  strata  of  the  globe  are 
here  Included,  and  much  hydraulic  limestone,  noticed  under  calcite. 

Ferriferous  ;  Brown  spar,  in  part.  Contains  iron,  and  as  the  proportion  increases  it  gradu- 
ates into  ankerite  (q.  v.).  The  color  is  white  to  brown,  and  becomes  brownish  on  exposure 
Ihrongh  oxidation  of  the  iron.  Manganiferotis.  Colorless  to  flesh-red.  BaB=1W2S'' 
\W^  10'.     CobaUiferous.    Colored  reddish  ;  O.  =2-921,  Gibbs. 

The  varieties  based  on  variations  in  the  proportions  of  the  carbonatos  are  the  following : 
(a)  Normal  dolomite,  ratio  of  Ca  to  Mg=:l :  1,  {b)  ratio  1^  :  1=8  :  2 ;  ratio=2  :  1 ;  ratio  8  : 
I ;  ratio=5  :  1 ;  ratio  1  :  8.    The  last  (/)  may  be  dolomitic  magnesite ;  and  the  others,  from 
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(b),  dolomitio  calcite,  or  oalcite  +  dolomite.  The  inaimer  in  which  dolomite  is  ofted  mixed 
with  oalcite,  forming  its  veins  and  its  fossil  shells  (see  below),  shows  that  this  is  not  iiLprob- 
ahle. 

P3nr.|  etc. — B.B.  acts  like  caldte,  but  does  not  give  a  clear  mass  when  fosed  with  soda  oo 
platinnm  foiL  Fragments  thrown  into  cold  acid  are  rery  slowly  acted  npon,  while  in  powdei 
in  warm  acid  the  mineral  is  readily  dissolved  with  efferyescence.  The  ferriferous  dolomites 
become  brown  on  exposure. 

Dift — Resembles  oalcite,  bnt  generally  to  be  distingaished  in  that  it  does  not  effervesce 
readily  in  the  mass  in  cold  acid. 

Obs. — Massive  dolomite  constitutes  extensive  strata,  called  limestone  strata,  in  variooa 
regions.  Crystalline  and  compact  varieties  are  often  associated  with  serpentine  and  other 
magnesian  rocks,  and  with  ordinaiy  limestones.  Some  of  the  prominent  localities  are  at  Sab- 
burg;  the  Tyrol;  Sohemnitz  in  Hungary;  Kapnik  in  Transylvania;  Freibeig  in  Saxony; 
the  lead  mines  at  Alston  in  Derbyshire,  etc. 

In  the  U.  States,  in  Vermant^  at  Boxbury.  In  Bhode  TtHand^  at  Smithfield.  In  If.  Jemy^ 
at  Hoboken.  In  N,  Tork^  at  Lookport,  Niagara  Falls,  and  Rochester ;  also  at  Glenn's  Falls, 
in  Richmond  Co.,  and  at  the  Parish  ore  bed,  St.  Lawrence  Co.;  at  Brewster,  Putnam  Co. 

Named  after  Dolomieu,  who  announced  some  of  the  marked  characteristics  of  the  rock  in 
1791 — ^Its  not  effervesoing  with  acids,  while  burning  like  limestone,  and  its  solubility  aftei 


Rhombohedral.  II A II  —  106**  7',  Zepharovich.  Also  cryetalline  mas- 
eive,  coarse  or  f  ne  graunlar,  and  compact. 

H,= 3-6-4.  G.=2*95-3-l.  Lustre  vitreons  to  pearly.  Color  white,  gray, 
reddish.    Translucent  to  subtranslucent. 

Oomp. — OaOOt +FeCOs  +^(CaMgOsOa).  Here,  according  to  Boricky,  x  may  hare  the  Talon 
if  U  4f  h  ii  ^y  ^t  4,  5,  10.  The  rarieties  having  the  five  higher  values  of  x  be  calls  paran- 
kerite^  while  the  others  are  normal  ankerite.  If  2=1,  the  formula  is  equivalent  to  2CaC0s-h 
BfgGOt+FeCOt,  and  requires:  Calcium  carbonate  60,  magnesium  carbonate  21,  iron  cazbon- 
ate  29=100.     Manganese  is  also  sometimes  present. 

Pyr.,  etc. — B.B.  like  dolomite,  but  darkens  in  color,  and  on  charcoal  becomes  black  and 
magnetic ;  with  the  fluxes  reacts  for  iron  and  manganese.  Soluble  with  effervescence  in  tii« 
adds. 

Obs. — Occura  with  siderite  at  the  Styrian  mines ;  in  Bohemia;  Siegen ;  Sdmeebeig ;  Ken 
Bcotia,  etc. 


MAGNBSrrB. 

Rhombohedral.  A  A  5  =  107°  29',  6>  A  ^  =  186*'  56' ;  c  =  0-8095. 
Cleavage:  rhombohedral,  perfect.  Also  massive;  granular,  to  very  coin- 
pact. 

.H.=3-5-4-5.  G.=3-8-08,  crjst;  2-8,  earthy;  8-3-2,  when  ferriferons. 
Lustre  vitreous;  fibrous  varieties  sometimes  silky.  Color  white,  yellowish 
or  grayish-white,  brown.    Transparent— opaque.     Fracture  flat  conchoidal. 

Var. — Ferriferous^  Breunerite;  containing  several  p.  c.  of  iron  protoxide;  O.  =8-8*2, 
white,  yellowiah,  broivnieh,  rarelj  black  and  bitnminoas;  often  becoming  brown  on  expomref 
nod  hence  called  Br&ien  Spar» 

Oomp. — ^Magnesium  carbonate,  MgCOt = Oarbon  dioxide  52  '4,  magnesia  47  *6 = 100 ;  hot  iiua 
often  replacing  some  magnesium. 

P3rr.,  etc.— B.  B.  resembles  calcite  and  dolomite,  and  like  the  latter  is  bnt  slightly  acted 
apon  bj  cold  adds ;  in  powder  is  readily  dissolved  with  effervescence  in  warm  hjdzoehloric 
acid. 

Obs. — Fonnd  in  talcoee  schist,  serpentine,  and  other  magnesian  rocks ;  as  veins  in  aerpeo- 
tine,  or  mixed  with  it  so  as  to  form  a  variety  of  vexd-antique  marble  {magnetUi^  --'^^*'  '^ 
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SttMt)  -J  alao  in  Oaniida,  u  ft  rook,  more  or  last  pan,  assodbtod  iritb  ateaUte,  aerpenttne,  nai 

Oooo»  at  HnibecbDti  in  Horavift ;  in  Stjria,  and  in  the  Tjrol:  at  FrankenRtein  in  Sileaia; 
SiiBTam,  Norway ;  Baudisaero  and  CoBlallaniDiite  in  Piedmont.  In  Amerioa,  at  Bolton,  HacB.; 
at  Barehilla,  near  Baltimore,  Ud.  ;  in  Fenn.,  at  West  Ooahen,  Chester  Co.  ;  near  Texas,  Lan- 
caster Co.  1  California 

Mbbititk  and  Pibtouesitb  come  nndar  the  general  formula  (Mg,Fe)COi;  with  the  forinui 
Mg  :  Fe=S  :  1  ;  with  the  Utter=l :  1. 

SIDBRim.    Bpathiolron.     Chalyhite.  KisenepaUi,  Otrm. 

Rhorabohedrul.    li  A II  =107°,  0  A  li  =  139°  3T ;  <:=  0-81715.    The 
faces  often  curved, as  below.     Cleavage:  rh(nii- 
bohedral, perfect.   Twins:  twiiining-plano— i.  736 

Also  in  botryoidal  and   globular  forms,  sub-  — 

fibroue  witliiii,  occasionally  silky  tibrons.  Often 
cleavable  massive,  with  cleavage  planes  undu- 
lating.    Coarse  or  fine  grannlar. 

H.=3-5-4-5.  G.=3-7-3-9.  Lnstre  vitreons, 
more  or  iees  pearly.  Streak  wliite.  Color  ash-  I 
gray,  yellowisli-grar,  greenish-gray,  also  brown 
and  brownish-n;d,  rarely  green ;  and  sometimes 
white.  Transhieont — siibcranslncent.  Fracture 
nneven.     Brittle. 

Oomp.,  Vnr. — Iron  Mrboiiate,?eCOi= Carbon  dioxide  37'9,  iron  protoxide  02-1.  Bnt  put 
<rf  the  iian  nnially  replaoed  by  manganete,  and  ofien  by  magnesiuin  or  oftlcinm.  Some 
T»rieties  oontaiu  6-10  p.  o.  MnO. 

Tfaa  principal  varietica  are  the  following; : 

(1)  Ordinarg.  (a)  Cn/ntaltaed,  {b)  Con£retkmaTy  =  fipKero»iiUrile  ;  in  globular  oonciretiooi, 
eithd  solid  or  concentric  scaly,  with  usually  a  flbroas  Btructure.  (e)  Qranular  to  aompant  mat- 
tiee.  {d)  Oi/iilie,  lilce  oolitic  limestone  in  stmcture.  (s)  Earthy,  or  stony,  impure  from 
mixtare  with  clay  or  land.  oonsUtutiog  a  large  part  nt  the  clay  iron-stone  of  the  coal  formft- 
tion  and  other  stratified  deposits ;  H.  =3  to  T,  tbe  last  troni  the  silica  present ;  G.  =3'0-S-8, 
oi  moetly  aiS-aii.). 

Pyr.,  ate — In  the  closed  tube  decrepitates,  evolves  ottrbon  oxide  and  carbon  dioxide, 
biaekens  and  becomes  mi^etio.  B.B.  blackens  and  fuses  at  4'5,  With  the  flaxes  reaotafor 
Itdo,  and  with  soda  and  nitre  on  platinum  foil  generally  gives  a  manganese  reaction.  Only 
■lowly  acted  upon  by  cold  acid,  bnt  dissolves  with  brisk  eflervescenoe  in  hot  hydrochloric  acid, 

DUf. — Specific  gravity  higher  than  that  of  oalcita  anA  dolomite.  B.B.  becomes  magnetic 
ludily. 

Oba. — Siderite  occnrs  in  many  of  tbe  rock  strata,  in  gneiss,  mica  slate,  clay  slate,  and  ai 
el*y  iron-stone  in  connection  with  the  Coal  formation  and  many  other  stratified  depodto.  Jt 
la  often  associated  with  metallic  ores.  At  Freibe^  it  occurs  in  silver  mines.  In  Cornwall  it 
aooompanies  tin.  It  is  also  found  accompanying  copper  and  iron  pyrites,  goleaite,  vitvoout 
copper,  eta  In  New  York,  according  to  Beck,  it  is  almost  always  associated  with  specalac 
iron.  In  the  region  in  and  about  Styria  and  Carinthia  this  ore  fonns  extensive  tracts  in  gneiss. 
At  Haizgerode  in  the  Han,  It  occui?  in  fine  crystals;  also  in  Cornwall,  Alston  Moor,  and 
Devonnhire  ;  near  Glasgow  ;  also  at  Monillar,  Uagescote,  etc.,  in  France,  eto. 

Id  the  tJ.  States,  in  Vermont,  at  Plymouth.  In  Miii*,,  at  Sterling.  In  Cimn..  at  Roxtmiy. 
In  N.  york,  at  the  Sterling  ore  bed  in  Antwerp,  JeSerson  Co, ;  at  the  Rossie  iron  mines,  St. 
Lawrence  Go.  In  N.  CaToUna,  at  Fentress  and  Harlem  mines.  The  argillaceous  oarbanate, 
in  Dodnlea  and  beds  (clay  iron-stone),  is  nbondant  in  tbe  coal  regions  of  Penn.,  Ohio,  and  mniv 
paits  of  the  oouotry. 

RHODOOHROSmi.o  Dialoglte.    Hangauspatii,  0«rm. 
Rhombohedral.      SaJ1  =  10Q''   51',   OAli=136°  31^';   i  =  C-8m. 
Cleavage :  Ji,  perfect.      Also  globular  and  botryoidal,  having  a  colnmuai 
strnctiirc, sometimes  indistinct.     Also  granular  massive;  occasionally  im 
palpable;  iucriisting. 


404  DESGRnrnvB  miheraijoot. 

H.=3'5-4*5.  G.=3'4-3"7.  Lustre  vitreous,  inclining  to  pearl j.  Colai 
shades  of  roec-red,  yellowish-gray,  fawn-colored,  dark  red,  brown.  Streak 
white.    Translucent — subtranslucent.     Fracture  uneven.    Brittle. 

Oomp. — ^lfiiCOs= Carbon  dioxide  38*3,  manganese  protoxide  61*7 ;  but  part  of  the  man- 
ganese nsoafly  replaced  by  oaldam,  and  often  also  by  magnesiain  or  iron  ;  and  sometimes  bj 
cobalt. 

Pyr.,  etc— B.B.  changes  to  gray,  brown,  and  black,  and  decrepitates  strongly,  but  is  in- 
fosihla  With  salt  of  phosphoros  and  borax  in  O.F.  gives  an  amethysUne-coloied  bead  in 
R»F.  becomes  colorless.  With  soda  on  platinam  foU  a  blnish-green  manganate.  Dissolves 
with  efferresoence  in  warm  hydrochloric  add.  On  exposore  to  the  air  changes  to  brown,  and 
some  bright  rose-red  Tsrieties  become  paler. 

Obs^ — Oocnrs  oommonly  in  veins  along  with  ores  of  sUver,  lead,  and  copper,  and  with  other 
ores  of  manganese.  Fonnd  at  Scbemnitz  and  Eapnik  in  Hnngaiy  ;  Nogyag  in  TianiylTania ; 
near  Elbingrarode  in  the  Harz ;  at  Freibeig  in  Saxony. 

Oocnrs  in  New  Jersey,  at  Mine  Hill,  Franklin  Fnmace.  Abundant  at  the  silTer  mines  of 
Austin,  Kevada ;  at  Plaoentia  Bay,  Newfoundland. 

Named  rhodoehromU  from  pi^w^  a  ro$e^  and  xP^^t  eohr,'  and  dialogiU^  from  ZmXoyih  doobt 


8MITH80MITE.    Calamine  pt    Galmei  pt    Zinkspath,  Oerm. 

Rhombohedral.  if  A  if  =  107^  40',  6>  A  i?  =  137^  3' ;  c  =  0-8062.  £ 
generally  cnrved  and  rongh.  Cleavage :  Ji  perfect.  Also  reuiform,  botry- 
oidal,  or  stalactitic,  and  in  crystalline  incrustations;  also  granular,  and 
soinetimes  impalpable,  occasionally  earthy  and  friable. 

H,=5.  G.=4-4-45.  Lustre  vitreous,  inclining  to  pearly.  Streak  whita 
Color  white,  often  grayish,  greenish,  brownish-white,  sometimes  greeii 
and  bro\vn.  Subtransparent — ^translucent  Fracture  uneven — ^impei-fectlj 
conchoidal.     Brittle. 

Oomp.,  yar«— ZnCOt=Carbon  dioxide  35-2,  sine  oxide  64*8=100;  bat  part  of  theiinti 
often  replaced  by  iron  or  manganese,  and  by  traces  of  calcium  and  magnesinm ;  sometiinei 
by  cadmium. 

Varieties. — (1)  Ordinary,  {a)  CrygtxiJBized ;  {h)  hotryoidal  and  $talaetitic,  common;  {c) 
granular  to  otmpaet  mamve;  (d)  earthy^  impure,  in  nodular  and  cavernous  masses,  raiyiDg 
from  grayish-wMte  to  dark  gray,  brown,  brownish-red,  brownish-black,  and  often  with  dnuy 
surfaces  in  the  cavities ;  ^'  dry-bone*'  of  Amerioan  miners. 

Pyr.,  etc. — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pare,  is  yellow  while  hot  and 
colorless  on  cooling.  B.B.  infusible;  moistened  with  cobalt  solution  and  heated  in  O.F.  giyes 
a  green  color  on  cooling.  With  soda  on  charcoal  gives  zinc  vapors,  and  coats  the  coal  ydlow 
while  hot,  becoming  white  on  cooling ;  this  coating,  moistened  vrith  cobalt  solution,  gives  a 
green  color  after  heating  in  O.F.  Gadmiferous  varieties,  when  treated  with  soda,  give  at 
fint  a  deep  yellow  or  brown  coating  before  the  zinc  coating  appears.  With  the  fluxes  some 
varieties  react  for  iron,  copper,  and  manganese.  Soluble  in  hydrochloric  acid  with  effer?es- 
cence. 

Diff. — Distingnishcd  from  calamine  by  its  effervescence  in  acids. 

Obs. — Smithsonite  is  found  both  in  veins  and  beds,  especially  in  company  with  galeuite 
and  blende ;  also  with  copper  and  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  is 
generally  associated  with  ciUamine,  and  sometimes  with  limonite.  It  is  often  produced  by 
the  action  of  zinc  sulphate  upon  caJcium  or  magnesium  carbonate. 

Found  at  Nertschinsk  in  Siberia  *  at  Dognats^  in  Hungary ;  Bleibeig  and  Raibel  in  CsziB- 
thia;  Moresnet  in  Belgium.  In  England  at  Boughten  Gill,  Alston  Moor,  near  Matlock,  in 
the  Mendip  Hills,  and  elsewhere ;  in  Scotland,  at  Leadhills;  in  Ireland,  at  Donegal. 

In  the  U.  States,  in  If.  Jers^^  at  Mine  HiU,  near  the  Franklin  Furnace.  In  Penn.^  at 
Lancaster  abundant ;  at  the  Perkiomen  lead  mine :  at  the  Ueberroth  mine,  near  Bethlehem. 
In  Witcatmn^  at  Mineral  Point,  Shullsbuig,  etc.  In  Minnesota^  at  Ewing's  diggings,  N.  W. 
of  Dubuque,  etc.  In  Miuouri  and  ArkoMOi^  along  with  the  lead  ores  in  Lower  Siinrias 
Umestone. 
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Aragonite   Orov/p* 


ARAQONITB. 

Orihorhonibic  / A  /  =  116°  10',  (?  A  1-t  =  130*^  50' ;  h\l\ik  =  1-1571 
:  1-6055  : 1.  (?  A  1  =  126^  15',  C^  A 1-5  =  137^  15',  W  A 1-*,  top,  :=  108" 
26'.  CrystalB  usually  having  0  striated  parallel  to  the  shorter  diagonal ; 
often  tapering  from  the  presence  of  acute  domes  and  pyramids,  wbicii  have 
nnnsnal  indices.  Cleavage:  I  imperfect;  irl  distinct;  1-i  imperfect. 
Twins:  twinning-plane  /,  producing  often  hexagonal  forms,  f.  738,  compara 
figures  on  pp.  96,  97.  Twinning  often  many  times  repeated  in  the  same 
crystal,  producing  successive  reversed  layers,  the  alternate  of  which  may  be 
exceedingly  thin ;  often  so  delicate  as  to  pixnluce  by  the  succession  a  fine 
Btriation  of  the  faces  of  a  prism  or  of  a  cleavage  plane.  Also  globular, 
reniform,  and  coralloidal  shapes;  sometimes  columnar,  composed  of 
straight  and  divergent  fibres ;  also  stalactitic ;  incrusting. 
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H.=3-5-4.  G.=2'931,  Haidinger.  Lustre  vitreous,  sometimes  inclin- 
ing to  resinous  on  surfaces  of  fracture.  Color  white ;  also  gray,  yellow, 
green,  and  violet ;  streak  uncolored.  Transparent — translucent.  Fracture 
Bubconchoidal.     Brittle. 

Var. — ^1.  Ordinarlf.  (a)  GiyBtallixed  in  simple  or  compound  oiystals,  the  latter  mnoh  the 
most  common ;  often  in  radiating  groups  of  aoioolar  oiystalB.  (b)  Columnar ;  a  fine  fibrooa 
vazietj  with  silky  lustre  is  called  Satin  spar,  {e)  Massive.  StalactUic  or  stalagmitie  (either 
compact  or  fibrous  in  structure),  as  with  caloite ;  SprudeUtein  is  stalactitic  from  OarUbad. 
Ccralbidal;  in  groupings  of  delicate  interlacing  and  coalescing  stems,  of  a  snow-white  color, 
and  looking  a  Uttle  like  coral. 

Oomp.— GaCOs,  like  calcite,=  Carbon  dioxide  44,  Ume  56=100. 

Pyr.,  etc. — H.B.  whitens  and  falls  to  pieces,  and  sometimes,  when  containing  strontia,  im- 
parte  a  more  inLensely  red  color  to  the  flame  than  Ume ;  otherwise  reacts  like  calcite. 

Diff.— See  calcite,  p.  401. 

Obs. — The  moet  common  repositories  of  aragonite  are  beds  of  gypsum,  beds  of  iron  ore 
(where  it  occuia  in  coraUoidal  forms,  and  is  denominated  flas-ferri^  ^^  flower  of  iron,"  Eiaeii- 
bluthe,  Oerrn,),  basalt,  and  trap  rock ;  occasionaUy  it  occurs  in  lavas.  It  is  often  assooiatod 
vith  copper  and  pyrite,  galenite,  and  malachite. 

First  discovered  in  imigon,  Spain  (whence  its  name),  at  Molina  and  Valencia*  Sino« 
foimd  at  Bilin  in  Bohemia ;  at  Herrengrund  in  Hungary,  f .  738 ;  at  Banmgarten  in  Sileaia ; 
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Kt  Leogang  in  Salibnzg ;  in  Waltsoh,  Bohemia,  and  manj  other  plaooB.  The  fionjeni  Taitat) 
IB  foncd  in  great  perfection  in  the  Styrian  mines.  In  Bao]dnghamiihire»  Devonshire,  u 
oayems;  at  Leadhills  in  Lanarkshire. 

Oocnrs  in  serpentine  at  Hoboken,  N.  J.;  at  Edenville,  N.  Y.;  at  the  Parish  ore  bed,  Eosrie^ 
N.  Y.;  at  Haddam,  Conn.;  at  Neve  Garden,  in  Chester  Co.,  Penn.;  at  Wood's  Mine,  Lancas- 
ter Co.,  Penn.;  at  Warsawt  111.,  lining  geodes. 

Manganocalcitr.— Composition  2MnCOa+(0a,Mg)COs,  with  a  little  iron  replaoing  part 
of  the  manganese.    G.  =8*037.     Color  flesh-red  to  reddish-white.     Schemnitz,  Hnngaiy. 
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Orthorhombic     /A  /=  118°  30',  0M'%-=  128°  45' ;  c  :  2  :  rf  =  1-246  : 

1-6808  : 1.  Twins :  all  the  annexed  figar^,  com- 
position parallel  to  /;  reentering  angles  some- 
times observed.  Cleavage :  /  distinct ;  also  in 
globular,  tuberose,  and  botryoidal  forms;  stnic- 
ture  either  columnar  or  granular ;  also  amor- 
phous. 

H.=3~3-75.  G.=4-29-4-35.  Lustre  vitreous, 
inclining  to  resinous,  on  surfaces  of  fracture. 
Color  white,  often  yellowish,  or  grayish.  Streak 
white.  S  ub  transparent — transl  ucent.  Fracture 
uneven.    Brittle. 

Oomp.—BaC0t= Carbon  dioxide  22*3,  baryta  77*7-100. 
Pyr.y  etc. — ^B.fi.  fuses  at  2  to  a  bead,  coloring  the  flame  yel- 
lowish-green; after  fusion  reacts  alkaline.  B.B.  on  charcoal 
with  soda  fuses  easily,  and  is  absorbed  by  the  coal.  Solubto 
in  dilute  hydrochloric  acid;  this  solution,  even  when  very  much  diluted,  gives  with  sulphuiie 
acid  a  white  precipitate  which  is  insoluble  in  acids. 

Diff. — Distinguishing  characters:  high  specific  gravity;  efferyescenoe  with  acids;  fjrtiai 
coloration  of  the  flame  B.B. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland ;  at  Fallowfield,  near  Hexham  in  Northumber- 
land ;  Tamowitz  in  Silesia  ;  Leogang  in  Salzburg  ;  Peggau  in  Styria ;  some  places  in  Sicily ; 
the  mine  of  Arqueros,  near  Coquimbo,  ChiU;  near  Lexmgton,  S^y.,  with  barite. 

Witherite  is  extensively  mined  at  FaUowfield,  and  is  used  in  chemical  works  in  the  mana> 
faoture  of  plate-glass,  and  in  France  in  making  beet-sugar. 
BBOHLrTB. — Formula  as  for  barytocalcite,  but  orthorhombic  in  form. 


8TRONTIANITE. 

Orthorhombic.     /A  /=  117^  19',  (9  A  1-t  =  130°  6' ;  ^  :  ?  :  df  =  1-1883 : 

1-6421  : 1.  6>  A 1  =  125°  43',  (?  A  1-f  =  144°  6 , 
1 A 1,  mac,  =  130°  1',  1 A 1,  brach.,  =  92^  11'. 
Cleavage :  1  nearly  perfect,  i-i  in  traces.  Crys- 
tals often  acicular  and  in  divei^nt  ffroupa. 
Twins:  like  those  of  aragonite.  (y  nsiially  stri- 
ated parallel  to  the  shoiter  diagonal.  Also  in 
columnar  globular  forms ;  fibrous  and  gi-anuhu*. 
H.=3-5-4.  G.=3-605-3-713.  Lustre  vitre- 
ous ;  inclining  to  resinous  on  uneven  faces  of 
fracture.  Color  pale  asparagus-green,  apple-green  ;  also  white,  gray,  yel- 
low, and  yellowish-brown.  Streak  white.  Trauspai^ent — ^translucent 
Fracture  uneven.    Brittle. 
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Oomp.— BiCOi=0urboa  ditmde  297,  itiontu  708;  but  a  «m>ll  part  of  thastraitinia 
often  nplaced  by  oaldiun. 

Fyr^  •!«. — B.B.  iwella  np,  tbrowi  ooB  minnte  sproiitB,  taaea  on);  on  the  thin  edges,  utd 
ooloim  tlie  flame  «ttoiitift'Md ;  Uie  SMaj  reaoU  alkaline  after  ignition.  Hoisteued  with  bjdio- 
dtloiio  acid  and  timted  either  B.B.  or  in  the  naked  lamp  gives  an  iatenee  red  color.  With 
■oda  OQ  ohaiooal  the  pare  mineral  foses  to  a  clear  glasa,  and  is  entirely  absorbed  by  tbe  coal ; 
if  lime  or  iron  be  present  they  are  separated  and  remain  oa  the  surface  of  the  ooal.  Solnbli 
in  hydrochloric  acid ;  the  dilute  solution  when  treated  with  salpharic  acid  givea  a  white  pre- 
cipitate. 

Difi. — Differs  from  related  minerals,  not  oarboaat«»,  In  efferveeciDg  with  acids ;  lower 
■pecific  gravity  than  witherite,  and  colors  the  flame  red. 

Ob*.— Occars  at  Strontian  in  Argyleshire ;  in  Yorkshire,  England ;  Oiant'a  Canseway,  Ire- 
land ;  Ciati>4hal  in  the  Han ;  Bniansdorf,  Saxony  ;  Leogang  bi  Salsburg.  In  tbe  XJ.  Statea 
it  oocnra  at  Sofaoharia,  If.  Y.,  in  granular  and  oolumnar  masaea,  and  also  in  orystals.  At 
Hnsoalonge  Lake;  at  Chaamont  Bay  and  Theresa,  in  JeSereon  Co.,  K.Y.  ;  Mifflin  Co.,  Fenn 


OXIRUSUrriL    Weissbleien,  Bleispath,  Otrntt 

Orthorhombic  /A  1=  117°  13',  Oa1-1  =  130°  H';  i  :l :  4=  1-1863 
:  1-6383:1.      (?  A  1  =  125° 

46-,   0Al-j;=14t°  8',  lAl,  '*  ™ 

mac.,  =  130°,  1 A 1,  brach.,  = 
92°  19'.  Cleavage:  /often 
imperfect ;  2-1  hardly  less  bo. 
CrvBtaU  usually  thin,  broad, 
and  brittle;  sometimes  stout. 
Twine  :  very  common  ;  twin- 
ning-plane  I,  producing  mu- 
ally  cruciform  or  stellate 
forms;  also  less  commonly, 
twiuning-plaue  i-i.  Rarely 
fibrous,  often  granular  mas- 
sive and  cojupiLut.     Sometimes  stalactitic, 

H.=3-35.  G.=;6'465-6'480;  some  earthy  varieties  as  low  as  5'4. 
Lustre  adamantine,  inoliuing  to  vitreous  or  resinous;  sometimes  pearly; 
sometimes  submetallic,  if  the  colors  are  dark,  or  from  a  superficial  change. 
Color  white,  gray,  grayish-black,  sometimes  tinged  blue  or  green  by  some 
of  the  salts  of  copper;  streak  uncolored.  Transparent — subtrausluceut. 
Fracture  conchoidal.     Very  brittle. 

OoiBp.—PbCOi= Carbon  dioxide  165,  lead  oxide  833=100. 

Pyr.,  ato^  la  tbe  cloned  tube  decrepitates,  loses  carbon  dioxide,  tnms  Sist  yellow,  and  at 
a  higher  temperature  dark  red,  but  becomes  yellow  again  on  cooling.  B.B.  on  oharooal  fuses 
ver;  easily,  and  in  R,  F.  yields  metallic  lead.     Soluble  in  dilate  nitdc  add  with  eSerresoeDce. 

Oiff. — Unlike  anglesite.  it  e&erresces  with  nitric  acid.  Characterized  by  high  Bped&c 
gravity,  and  yielding  lead  B.B. 

Ob«. — Occnrs  in  cnnnectiDn  with  other  lead  raineralg,  and  is  formed  froii  galenite.  which, 
aa  it  passes  to  a  sulphate,  may  be  changed  to  carbonate  by  means  of  eolations  of  caldnm 
bicarbonate.  It  is  found  at  Johanngeorgenstodt ;  at  Nertachinsk  and  BereBoF  ia  Siberia;  at 
Claasthal  in  the  Hats ;  at  Bleiberg  in  Corinthia ;  at  Mies  and  Przibiam  in  Bohemia ;  at  Reta- 
baajra.  Hungary;  in  England,  in  Cornwall;  near  Uatlock  and  Wirkaworth,  Derbysbiie;  at 
Leadhilla.  Scotland ;  in  Wicklow,  Ireland. 

Found  in  fenn. ,  at  Pheuixville  ;  at  Perkioroen.  In  N.  York,  at  the  Bessie  lead  mine.  In 
Vtrginia,  at  Anstin'g  minen,  Wythe  Co.  In  N.  Carolina,  at  King's  mine,  DaTidson  Co.,  good. 
In  Wiaoonain  ond  other  lend  mines  of  the  noiUiwestem  States,  rarelr  in  oryMals;  neat  th< 
Blue  Honnds,  Wiaa.,  in  etolaotitea. 
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BARTTOOALOITB. 

Mon(*lini«3.  O  =  73°  62',  7a  /=  106°  54',  (?  A 14  =  149"  \c\l\az^ 
0*81035  :  1*29683  :  1.    Cleavage:  /,  perfect;  (?,  less  perfect ;  also  massive. 

fl.=4.  G.=3'6363-3*66.  Lustre  vitreous,  lucliuing  to  resinous.  Color 
white,  grayish,  greenish,  or  yellowish.  Streak  white.  Transparent- 
translucent.     Fracture  uneven. 

Oomp. — (Ba,Ca)0Ot,  where  Ba  :  Ca=l  :  l=Baxiiim  carbonate  66*8,  oaldum  carbonate 
33-7=100. 

P3rr.,  etc. — B.B.  colors  the  flame  yeUowish-green,  and  at  a  higher  temperature  fuses  oc 
the  thin  edges  and  assumes  a  pale  green  color ;  the  assaj  reacts  alkaline  after  ignition.  With 
the  flaxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separated  as  an  infusible 
mass,  while  the  remainder  is  absorbed  by  the  coal.     Soluble  in  dilute  hyd^^ochlorio  acid. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland,  in  the  Subcarboniferous  or  mountain  lime- 
stone. 

Pakisitb. — A  carbonate  containing  ceriam  (also  La,Di),  and  calcium  with  6  p.  c.  fluorine. 
Iixact  composition  uncertain.  In  hexagonal  crystals.  Color  brownish-yellow.  Muso  valley, 
New  Granada.  KiscnTiMiTE,  from  the  gold  washing  of  the  Barsovska  river,  Urals,  issimilai 
in  composition,  but  contains  no  calcium. 

BASTNAsrrB  (Hamartite). — Composition  2RCOa+BF3,  with  R=Ce  :  La=2  :  3.  Analysis, 
NordenskioM,  CO,  19*50,  LaO  45-77,  CeO  28*49,  HgO  101,  F,0,  (5'23)=100.  Found  in  small 
masses  imbedded  between  allanite  crystals.    Biiddarhyttan,  Sweden. 

PHOSQENITE.    Bleihomen,  Qerm. 

Tetragonal.  (?Al-i  =  132^  37';  c  =  1-0871.  Cleavage:  /  and  i-i 
brificht ;  also  basal. 

H.=2-75-3.  G.=6-6'31.  Lustre  adamantine.  Color  white,  gray,  and 
yellow.     Streak  white     Transparent— translucent.    Eather  sectile. 

Comp.— PbC0s+PbCl9=Lead  carbonate  49,  lead  chloride  61=100,  or  lead  oxide  81'9,ca^ 
bon  dioxide  81,  chlorine  13*0=102*9. 

Pyr.,  etc. — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white  and 
crystalline.  On  charcoal  in  B.F.  gfiyes  metallic  lead,  with  a  white  coating  of  lead  chloride. 
With  a  salt  of  phosphorus  bead  previously  saturated  with  copper  oxide  giyes  the  chlorins 
reaction.     Dissolves  with  effervescence  in  nitric  acid. 

Obs. — ^At  Croniford  near  Matlock  in  Derbyshire  ;  very  rare  in  Cornwall ;  in  laige  djstali 
at  Gibbas  and  Monteponi  in  Sardinia ;  near  Bobrek  in  Upper  Silesia. 


Hydbous  Cabbonatjgo. 

TRONA. 

Monoclinic.  O  A  i-i  =  103*^  15'.  Cleavage :  i-i  perfect.  Often  fibrooi 
or  columnar  massive. 

H.= 2-5-3.  G.=211,  Lustre  vitreons,  glistening.  Color  gray  or  yd- 
lowish-white.  Translucent.  Taste  alkaline.  Not  Stered  by  exposure  to 
a  dry  atmosphere. 

Oomp ^Na40tOa-f3aq= Carbon  dioxide  40-2,  soda  37*8,  water  22-0. 

P3rr.,  etc. — In  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an  intensely 
yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  adds.  Reacts  alkaline 
with  moistened  test  paper. 

Obs. — The  specimen  analyzed  by  Klaproth  came  from  the  province  of  Suckenna,  two  dayr 
ioumey  from  Fezaen,        ica.     To  this  species  belongs  the  urao  found  at  the  bottom  of  a  li^ 
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h  MuBoalbo,  8.  A.,  a  day's  jonxney  from  Merida.    Effloieeoenoea  of  trona  occnr  near  Um 
Sweetwater  river,  Rocky  Moantaina,  mixed  with  sodium  sulphate  and  common  salt 

Natron  or  Soda  (sodium  oarhonate,  NasCOa+lOaq).     Tiibbhonatbitb,  NasOOt-haOi 
TBacmEMACHSBiTB,  Ammonium  oarhonate. 


747 


748 


Maracaibo. 


Nevada. 


aAT-I.nSBITB. 

Monoclinic.  C  =  78°  27',  /A  /=  68°  50'  and  111°  10',  (?  A 14  =  125^ 
15' ;  c:b:d-  096945  :  0-67137  :  1. 
U  A 14,  adj.,  =  109°  30',  i  A  i  =  110° 
3U'.  Crystals  often  lengthened,  and 
prismatic  in  the  direction  of  14 ;  also  in 
that  of  i ;  also  (f  r.  Nevada^  not  elongate, 
bat  thin  in  the  direction  or  the  orthodia- 
gonaly  O  beiuff  very  narrow  or  wanting ; 
surfaces  usually  uneven,  being  formed 
of  minate  subordinate  planes.  Cleav- 
age :  T  i»erfect ;  O  less  so,  but  giving  a 
reflected  image  in  a  strong  light* 

H.=2-3.  G.=l-92-l-99.  Lustre  vitreous.  Color  white,  yellowish- 
white.  Streak  uncolored  to  grayish.  Translucent.  Fracture  conchoidal. 
Extremely  brittle.    Not  phosphorescent  by  friction  or  heat 

Oomp. — ^Na9G0t  +  0a00a+5aq= Sodium  oarbouate  85-9,  oaloium  oarbonate  83 '8,  watez 
80-8=100. 

Pyr.,  etc. — Heated  in  a  matrass  the  crystals  decrepitate  and  become  opaque.  B  B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  With  the  fluxes  it  behaves 
like  caldam  carbonate.  Dissolves  in  adds  with  a  brisk  effervesoenoe ;  partly  soluble  in  water, 
and  reddens  turmerio. 

Obs. — Abundant  at  Lagunilla,  near  Merida,  in  Maracaibo,  where  its  crystals  are  dissemi- 
nated at  the  bottom  of  a  small  lake,  in  a  bed  of  clay,  covering  urao  ;  the  natives  call  it  dawi% 
or  wtUn^  in  allusion  to  its  cr^'stalline  form.  Also  on  a  small  island  in  Little  Suit  Lake,  near 
Ragtown,  Nevada,  about  H  m.  S.  of  the  main  emigrant  road  to  Humboldt.  The  lake  is  in  a 
crater-shaped  basin,  and  its  waters  are  dense  and  strongly  saline. 

The  distorted  crystals  from  Sangerhausen  have  been  long  considered  pseudomorphs  after 
gay-lnssite,  though  Des  Cloizeaux  regards  them  as  pseudomorphs  after  cele.stite.  Groth 
regards  them  as  perhaps  pseudomorp&  after  anhydrite.    See  also  thinolite,  p.  438. 


HYDROBAAONBSim. 

Monoclinic.      (7=82^-83°,  7a/=87°  52'-88^  (? A 24  =  187^;   c.\l 
:  d  =  (nearly)  0-455  : 1-0973  :  1.    Crystals  small,  usually 
acicular  or  bladed,  and  tufted.     Also   amorphous ;   as 
chalky  or  mealy  crusts. 

H.  of  crystals  3-5.  G.= 2-1 45-2-18,  Smith  &  Bnish. 
Lustre  yitreous  to  silky  or  subpearly ;  also  earthy.  Color 
and  streak  white.     Brittle. 


Oomp.-BMgOOt+HsMgOs+3aq=:Oarbon  dioxide  86-8,  magnesia 
48-9,  water  19  b =l(iO. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  carbon  dioxide. 
B.B.  ix^iflible.  but  whitens,  and  tiie  assay  reacts  alkaline  to  tuiffieric 
paper.  Soluble  in  acids ;  the  crystalline  compact  varieties  are  but 
■lowly  acted  upon  by  cold  acid,  but  dissolves  with  effervesoenoe  in  hot 
tdd. 


a 
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Obs. — Ooonxs  at  Hnibsohitz,  in  Moravia,  in  sezpentine;  In  l^egtoponte,  near  Komi;  tl 
Kaiserstahl,  in  Baden,  impure.  In  the  U.  States,  near  Texas,  Lancaster  Co.,  Penn. ;  al 
Hoboken,  N.  J. 

Htdkodolomitb. — Composition  3(Ca,Mg)C0s+aq.  From  Mt  Somma.  Pannitb  from 
Texas,  Pa.,  is  similar. 

Pbedazzite  and  Pbncatite  are  mixtures  of  caloite  and  bmcite.    Tyrol. 

Dawbonite.— In  thin-bladed,  white,  transparent  crystals  on  trachyte.  H.  =3.  G.  =2'40. 
Analysis,  Harrington,  AlO,  83  84,  MgO  tr.,  CaO  5-95,  Na,0  2020,  K,0  0  38,  H,0  11-91,  00, 
29*88,  SiOs  0'40=101'56.  Beg^uded  as  *' a  hydrous  carbonate  of  aluminum,  calcium,  and 
sodium ;  or  perhaps  as  a  hydrate  of  aluminum  ¥rith  carbonates  of  calcium  and  sodium.'* 
Montreal,  Oanada. 

HoviTE. — Supposed  to  be  a  hydrous  carbonate  of  aluminum  and  calcium.  Soft,  white, 
and  fnable ;  earthy  in  fracture.    From  Hove,  near  Brij^hton,  with  ooUyrite. 


LANTHANITB. 

Orthorhombic.  /A 7  =93^  30'-94:%  Blake,  92^  46',  v.  Lang:  /Al^ 
142^  86' ;    c  :  J  :  4  =  099898  : 1-0496  : 1,  v.  Lang.    In   thin  f oiir-dded 

Slates  or  minute  tables,  with  bevelled  edges.     Cleavage  micaceous.    Also 
ne  granular  or  eaithy. 

H.=2-5— 3.  G.= 2-666.  Lustre  pearly  or  dull.  Color  grayish-white, 
delicate  pink,  or-yellowish. 

Comp.— LaC0t+8aq=:Lanthana  52*6,  carbon  dioxide  21*8,  water  26*1=100.  There  it 
some  oxide  of  didymium  with  the  lanthana,  according  to  Smith. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  infusible  ;  but  whitens  and  beoomei 
opaque,  silyery,  and  brownish;  with  borax,  a  glass,  slightly  bluish,  reddish,  or  amethystiDe, 
on  cooling ;  with  salt  of  phosphorus  a  glass,  bluish  amethystine  while  hot,  red  cold,  the 
bead  becoming  opaque  when  but  slightly  heated,  and  retaining  a  pink  color.  Efterresces  iu 
the  acids. 

Obs. — Found  coating  cerite  at  Bastnas,  Sweden ;  also  with  the  zinc  ores  of  the  Saucon 
ralley,  Lehigh  Co.,  Pa. ;  at  the  Sandford  iron-ore  bed,  Moriah,  Essex  Co.,  N.  Y. 

Tengbrits. — Yttrium  carbonate.    As  a  o  mating  on  gadolinite  from  Ytterby. 

Zabatitb.  Emerald  Nickel,  iHUiman,  Nickelsmaragd,  Germ. — Composition  NitCOs+ 
6aq,  or  NiCOi+2H3Ni04+4aq.  This  requires:  Carbon  dioxide  11 '8,  nickel  oxide  59*3, 
water  28 '9 =100.  Usually  as  an  emerald-green  coating;  thus  on  chromite  at  Texas,  Peon, 
where  it  was  first  noticed ;  Swinaness,  Shetland ;  Cape  Ortegal,  Spain. 

RsMiNaTONiTB.— A  hydzous  cobalt  carbonate.    Finksbuig,  Md. 


HYDROZINOrrZI.    ZinkUathe,  Germ. 

Massive,  earthy  or  compact.  As  incrustations,  the  crusts  sometimes  con- 
centric and  agate-like.     At  times  reniform,  pisolitic,  stalactitic. 

H.=2-2-5.  G.=3-58-3-8.  Lustre  dull.  Color  pure  white,  grayish  or 
yellowish.     Streak  shining.     Usually  earthy  or  chalk-like. 

■ 

Oomp.— In  part  ZnCOt  +2HaZnO«= Carbon  dioxide  13-6,  smc  oxide  75-3,  water  11*1=100. 

Pjrr.,  etc. — In  the  dosed  tube  yields  water ;  in  other  respects  resembles  smithsonite. 

Obs. — Occurs  at  most  mines  of  zinc,  and  is  a  result  of  the  alteration  of  the  other  ores  oi 
this  metal  Found  in  great  quantities  at  the  Dolores  mine,  Udias  valley,  province  of  SantiB- 
der,  in  Spain  ;  at  Bleiberg  and  Raibel  in  Carinthia ;  near  Reimsbeck,  in  Westphalia 

In  the  U.  States,  at  Friedensville,  Pa.;  at  Linden,  in  Wisconsin;  in  Marion  Ca,  irkaastf 
{marianite), 

AURICHALGITB. — ^A  oupreous  hydroziacite.  Usually  in  drusy  incrustations.  Altai; 
MatloGk,  Derbyshire;  Spidn;  Lancaster,  Pa. 
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SffALAOHITE. 

MonocKnic  (7=  88^  32',  /A  /=  104^  28',  i-i  A  -1-i  =  118°  15',  Zepbaro 
Tich ;  c:b:d=z  0-51156  : 1-2903  :  1.  Common  form 
f .  750 ;  also  same  with  other  terminal  planes ;  also  with 
i-i  wanting ;  also  with  i-i,  i-l  very  large,  making  a  rect- 
angular prism ;  also  with  the  vertical  prism  very  short, 
as  in  f .  321.  Crystals  rarely  simple.  Twins :  twinning- 
plane  i-i,  f.  750  •  often  penetration  twins,  as  in  f.  321, 
322,  p.  99.  Cleavage  :  basal,  highly  pei*f ect ;  clino-  ^  H 
diagonal  less  distinct.  [Jsually  massive  or  incrusting, 
with  surface  tubeiv^e,  botrvoidal,  or  stalactitic,  and  struc- 
ture divergent;  often  delicately  compact  fibrous,  and 
banded  in  color ;  frequently  granular  or  earthy. 

JB.=3-5-4.    G.=3-7-4-01.   Lustre  of  crystals  adaman- 
tine, inclining  to  vitreous ;  of  fibrous  varieties  more  or 
less  silky ;  often  dull  and  earthy.    Color  bright  green.    Streak  paler  gi*eeD. 
Translucent — subtranslucent — opaque.     Fracture  subconchoidal,  uneven. 

Oompw— OasG04+HtO=CaCOa+HsGuOs=Garbon  dioxide  19*9,  copper  oxide  71*9,  water 
g-2=100. 

Pyr.,  etc. — In  the  dosed  tabe  blackens  and  yields  water.  B.B.  fuses  at  2,  ooloring  the 
flame  emerald-green;  on  charcoal  is  rednced  to  metallic  oopper ;  with  the  fluxes  reacts  like 
kenorite.     Soluble  in  acids  with  effervescence. 

DifiL — Differs  from  other  copper  ores  of  a  green  color  in  its  effervescence  with  adds. 

Obs. — Green  malachite  accompanies  other  ores  of  copper.  Perfect  crystals  are  quite  rare. 
Occnrs  abundantly  in  the  Urals ;  at  Ghes^  in  France ;  at  Schwatz  in  the  Tyrol ;  in  Gomwali 
and  in  Gumberland,  England ;  Sandlodge  oopper  mine,  Scotland ;  Limerick,  Waterford.  and 
elsewhere,  Ireland ;  at  GrimbBrg,  near  Si^^n  in  Germany.  At  the  copper  mines  of  Nlschne- 
Tagilsk,  belonging  to  M.  Demidoff,  a  bed  of  malachite  was  opened  which  yielded  many  tons 
uf  malachite.  Abo  in  handsome  masses  at  Bembe,  on  the  west  coast  of  Africa ;  with  the 
copper  ores  of  Guba ;  Ghili ;  Australia. 

In  i^.  Jersey^  at  New  Brunswick.  In  PenntylvarUa^  near  Morgantown,  Berks  Gounty ;  at 
Gomwali,  Lebouon  Go. ;  at  the  Perkiomen  and  Phenixville  lead  mines.  In  Wisconsin^  at  the 
copper  mines  of  Mineral  Point,  and  elswhere.  In  Caltfornia^  at  Hughes's  mine  in  Galaveraa 
Go. 

Green  malachite  admits  of  a  high  polish,  and  when  in  large  masses  is  cut  into  tables,  snuff- 
boxes, vases,  etc    Named  from  fio^ax^,  maUowSy  in  allusion  to  the  green  color. 

CuFBOCALcrrs. — Massive.  H.=3.  G.=<S'90.  Golor  vermilion-red.  Analysis,  Baymondi, 
Ga,0  50-45,  GaO  2016,  GG.  24*00,  U,0  3-20,  FeO.  0'60,  i^G.  0*20,  MgQ  0*97,  SiO.  O'SO^s 
90*80.    Oocnn  with  a  ferroginous  caldte  at  tiie  copper  mines  of  Ganxa  in  Peru. 


AZUKITU.    Kupf erlasur,  Oerm. 

Monoclinic.  C7=tt7'*  89';  /a/=  99=^  32',  (9Al-i  =  138°  41';  6:6:  d 
=  1-039  : 1-181  : 1.  O  usually  etriated  parallel  with  the  clinodiagonal. 
Cleavage:  2-i  rather  perfect;  iri  less  distinct;  /  in  ti*aces.  Also  massive, 
and  presenting  imitative  shapes,  having  a  columnar  composition ;  also  dul] 
and  earthy. 

H.=3*5-4'25.  G.=3*5-3*831.  Lustre  vitreous,  almost  adamantine. 
Color  various  shades  of  azure-blue,  passing  into  Berlin-blue.  Streak  blue, 
lighter  than  the  color.  Transparent — subtranslucent.  Fracture  oonchoidaL 
Brittle. 
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Oomp. — CasCsOT+H90=3CaOOs+H9CaOa=Carba]i  dioxide  25-6»  oopper  oxide  09*1; 
waXer  6-2=100. 

Pyr.,  etc. — Same  as  in  malachite. 

Obs. — Occuis  at  Chessy,  near  Lyons,  whence  its  name  Chessy  Copper.  Also  in  Sibexia ;  at 
flioldava  in  the  Banat ;  at  Wheal  Buller,  near  Bedrath  in  Cornwall  *  also  in  Devonshire  and 
Derbyshire. 

In  Fenn,^  at  the  Perkiomen  lead  mine;  at  Phenixville,  in  crystals:  at  GomwaU.  InWu 
OfimTif  near  Mineral  Point     In  California^  Calaveras  Co. ,  at  Hughes  s  mine. 

According  to  Schrauf,  who  has  given  a  crystallogTaphic  monograph  of  the  species,  the  font 
it  dosely  related  to  that  of  epidote  (Bor.  Ak.  Wien,  July  8,  l»7l). 


BISMUTTTB.    Wismnthspath,  Oerm, 

In  implanted  acicular  crystallizations  (pseudomorphous) ;  also  incrosting 
or  amorphous ;  pulverulent. 

IL=4-4'6.  G.=6'86-6'909.  Lustre  viti^eous,  when  pure;  sometimes 
dull.  Color  white,  mountain-green,  and  dirty  siskin-green;  occasionally 
Btraw-yellow  and  yellowish-gray.  Sti*eak  greenish-gi-ay  to  colorless.  Sub- 
transl  ucent — opaque.    Brittle. 

Oomp.— SBifiCsOitfQHaOt  Bamm.  (S.  Carolina) = Carbon  dioxide  6-38,  bismuth  oxida 
89-75,  water  8-87=100. 

Pyr.y  etc. — In  the  closed  tabe  decrepitates  and  gives  off  water.  B.B.  fnses  readily,  and  on 
oharoofld  is  reduced  to  bismuth,  and  coats  the  coal  with  yellow  bismuth  oxide.  Dissolves  in 
nitric  acid,  with  slight  effervescence.  Dissolves  in  hydrodilorio  acid,  affording  a  deep  yellow 
solution. 

Obs. — Bismutite  occurs  at  Schneeberg  and  Johanngeorgenstadt ;  at  Joachimsthal ;  neai 
Baden ;  also  in  the  gold  district  of  Chesterfield,  S.  C. ;  in  Gaston  Co.,  N.  C,  in  yellowjsh' 
white  concretiona 

LiEBiGiTB ;  VooLrrB  (XJrankxdk,  Oerm.), — Carbonates  of  uranium  and  calcium,  from  thf 
decomposition  of  uraninite.  Exact  composition  doubtfuL  ScHRdCKiNaEBiTS  is  an  oxyoar- 
bonate  of  uranium  (Schrauf).  Orthorbombic.  Occurs  in  six-sided  tabular  crystals.  Joachintt- 
thoL 


Whe WELiiFFB.  — An  oxalate  of  calcium .    In  minute  monoclinic  crystals  on  caldte. 

HUMBOLDTITB. — A  hydrous  oxalate  of  iron,  2FeCs04  +8aq.  Compact ;  earthy.  In  brown* 
ooal  of  Koloseruk,  near  Bilin;  also  in  black  shales  at  Kettle  Point ;  in  Bosanquet,  Canada. 

MEiiLrTB  (Honigstein,  Oerm,), — Tetragonal.  In  octahedrons ;  also  massive,  honey-yellow, 
reddish,  or  brownish,  rarely  white.  M  Ci30ia+18aq= Alumina  14-86,  mellitic  add  40*30, 
witer  45  -34=10<).  Artem,  Thuringia ;  LusohitB,  Bohemia ;  Walobow,  Moravia ;  Nertschiiuk^ 
•la 
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VL  HYDROCARBON  COMPOUNDS 


The  Hydrogen-Carbon  Componnds  inclade  (1)  the  bimplb  hydbooakbons  ; 
and  (2)  the  oxtobnated  hydbocarbons. 

1.  The  SIMPLE  HTDRo-OABBONs  embrace : 

(a|)  The  Marsh  Gas  series.  General  formula  CoH^q^s.  Here  belong  the 
liouid  ncwfUhaSj  the  more  volatile  parts  of  petroleum ;  also  the  butter-like 
solids  scneererite  and  chrismatite. 

Petbolbum.— Mineral  ofl.  Kerosene.  Beigol,  Steinol,  BrdSl.  Oarm,  Petroleum  is  a  thick  to 
thin  flnid.  Ck>lor  jellow  or  brown,  or  colorleas ;  translacent  to  transparent^  The  specific  gravity 
Tariee  from  0*7  to  0*9.  Chemically  it  consists  essentiaUy  of  carbon  and  hydrogen  ;  contain- 
ing seyeral  members  of  the  naphtha  group,  as  also  the  oils  of  the  ethylene  series,  and  the 
paraffins.  The  proportion  of  the  latter  constituents  increases  with  the  increase  of  the  density 
or  YLscidity  of  the  fluid.     It  grades  insensibly  into  pittasphalt,  and  that  into  solid  bitumen. 

Occurs  in  rooks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower  Silurian  to  the 
present  epoch.  It  is  associated  most  abundantly  with  argillaceous  shales  and  sandstones,  but 
is  found  also  permeating  limestones,  giving  them  a  bituminous  odor,  and  rendering  them 
sometimes  a  considerable  source  of  oil.  From  these  oliferons  shales  and  limestones  the  oil 
often  exudes,  and  appears  floating  on  the  streams  or  lakes  of  the  region,  or  rises  in  oil  springs. 
It  also  exists  collected  in  subterranean  cavities  in  certain  rocks,  whenoe  it  issues  in  jets  or 
fountains  whenever  an  outlet  is  made  by  boring.  These  cavities  are  situated  mostly  along 
the  course  of  gentle  anticiinals  in  the  rocks  of  the  region ;  and  it  is  therefore  probable,  as  has 
been  suggested,  that  they  originated  for  the  most  part  in  the  displacements  of  the  strata  caused 
by  the  slight  uplift  The  ofl  which  fills  the  cavities  has  ordinarily  been  derived  from  the 
subjacent  rocks ;  for  the  strata,  in  which  the  cavities  exist,  are  frequently  barren  sandstones. 

Obtained  in  large  quantities  from  the  oil  wells  of  Pennsylvania ;  also  found  in  eastern  Vir- 
ginia, Kentucky,  Ohio,  Illinois,  Michigan,  and  Mew  York.  In  Canada,  at  several  places ;  in 
southern  California ;  in  Mexico  ;  Trinidad. 

Some  well-known  foreign  localities  are  :  Rangoon,  Burmah ;  western  shore  of  the  Caspian 
Sea ;  in  Parma,  Italy ;  Sicily ;  Galicia ;  Tegemsee,  Bavaria ;  Hanover. 


{h)  The  Olefiant  or  Ethylene  series.  General  formula  CnHsQ.  Here 
belong  the  pittolinui  group  of  liquids,  ov pitta^pfuUis  (mineral  tar),  and  the 
paraffins. 

Paraffdv  oboup. — Wax-like  in  consistenoe ;  white  and  translucent.  Sparingly  soluble  in 
alcohol)  rather  easily  in  ether,  and  crystallizing  more  or  less  perfectly  from  the  solutions.  G. 
about  0*85-0*98.  Melting  point  for  the  foUowing  species,  Sa^'-eO'.  The  dilferent  special 
varying  in  the  value  of  »,  vary  also  in  boiling  point,  and  other  characters. 

Paraffins  occur  in  the  Pennsylvania  petroleum,  a  freezing  mixture  reducing  the  tempera- 
ture being  sufficient  to  separate  it  in  czystaLs.  Also  in  the  naphtha  of  the  Caspian,  in  Ban- 
goon  tar,  and  many  other  liquid  bitumens.  It  is  a  result  of  the  destructive  distillation  oi 
peat,  bituminous  coal,  lignite,  coaly  or  bituminous  shales,  most  viscid  bitumens,  wood-tar, 
and  many  other  substances. 

The  name  is  from  the  Latin  parutn^  Uttie^  and  afflntB^  alluding  to  the  feeble  affinity  for  othei 
■abstances,  or,  in  other  words,  its  chemical  indifference. 

To  the  Paraffin  Group  belong : 

Ubfbthitk.— Consistency  of  soft  tallow.  Meltdng  point  89*  0.  Soluble  iu  oold  ether. 
Urpeth  ColUerT. 
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Hatchbttite. — In  thin  plates  or  massive.  Color  yellowish,  or  greenish- white ;  hlawkent 
on  exposure.  Melting  point  46^  0.  In  the  conl-measnres  of  Glamorganshire ;  BoesitS) 
Moravia. 

OsMCERiTB. — Like  wax  or  spermaceti  in  appearance  and  consistency.  G.=0'85-0'90. 
Colorless  to  white  when  pure ;  often  leek-g^een,  yellowish,  brownish-yellow,  brown.  Trans 
laoent.  Greasy  to  the  touch.  Fusing  point  56^  to  63^  G.  Occurs  in  beds  of  coaL  or  associ- 
ated VitumiuDusdeposita ;  that  of  Slanik,  Moldavia,  beneath  a  bed  of  bituminous  day  shale; 
in  masses  of  sometimes  80  to  100  lbs.,  at  the  foot  of  the  Carpathians,  not  far  from  beds  of 
ooal  and  salt ;  that  of  Boryslaw  in  a  bituminous  day  associated  with  caldferous  beds  in  the 
formation  of  the  Carpathians,  in  masses.  The  same  compound  has  been  obtained  from  mine- 
ral coal,  peat,  and  petroleum,  mineral  tar,  etc.,  by  destructive  di.Htillation»  Named  from  dC", 
imsU,  and  KffpSg^  wax^  in  allusion  to  the  odor. 

Elatbrite. — Massive,  soft,  elastic;  often  like  india-rubber,  though  sometimes  hard  and 
brittla  It  is  found  at  Castleton  in  Derbyshire,  in  the  lead  mine  of  Odin,  along  with  lead  ore 
and  calcite,  in  compact  renif orm  or  fungoid  masses,  and  is  abundant.  Also  reported  from  St. 
Bernard's  Well,  Edinburgh,  etc. 

ZiBTBiBiKiTB  and  PTB0FIB6ITB  bdong  here. 


(c)  The  Camphene  Series.    General  Formula  CnH2n-4. 

FiOHTETirrR.  —In  white  monodinic  eiystals.  Brittle.  Solidifies  at  86^  C  Soluble  in  ether. 
The  mineral  occurs  in  the  form  of  shining  scales,  flat  crystals,  and  thin  layers  between  the 
rings  of  growth  and  throughout  the  texture  of  pine  wood  (identical  in  speden  with  the  modern 
Pinut  gylvetiris)  from  peat  beds  in  the  vicinity  of  Redwits  in  the  Fichtdgebirge,  North 
Bavaria.     In  peat  near  Sobeslau ;  in  a  log  of  Pinus  Australis. 

Hartitb. — Resembles  fiohtelite.  but  melts  at  74*'-75''  C.  Found  in  a  kind  of  pine,  like 
fiohtelite.  but  of  a  different  species,  the  Peuee  acerosa  Unger,  bdonging  to  an  earlier  geological 
epoch.  From  the  brown-coal  beds  of  Oberhart,  near  Gloggnitz,  not  far  from  Vienna.  Reported 
also  from  Rosenthal  near  Koflach  in  Styria,  and  Pravali  in  Carinthia. 

DmiTB  and  Ixolttb  belong  here. 


{d)  The  Benzole  Series,    General   Formula  CnHsn^^-      Inclading  the 
Benzole  liquids  and  Konltte  from  Uznach,  and  Kedwitz. 
{e)  The  Naphthalin  Series.    General  Formula  CnH2n_i3. 

NAPHTHALm. — Occurs  in  Rangoon  tar.  Idrialite,  crystalline  in  the  pure  state.  Odor 
white.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  clay,  and  some  pyrite  and 
gypsum  in  a  brownish-black  earthy  material,  called  from  its  combustibility  and  thri  presence 
of  mercury,  inflammable  cinnabar  {QueektUberhranderzY  Idria,  Spain.  Abaqotite,  from 
New  Almaden  Mine,  Cal.,  is  related  to  idrialite. 


2.  The  Oxygenated  Htdrooarbons  embrace  diflFerent  groups  having 
ratios  of  C  :  H  varying  from  1  :  2  to  5  :  5^,  or  less.  Some  of  the  more 
important  are : 

GBOCBBrrB.  Wax-like.  Color  white.  Melting  point  near  80**  C. ;  after  fusion  solidifies  aa 
a  yellowish  wax,  hard  but  not  yeiy  brittle.  Soluble  in  alcohol  of  80  p.  c.  C(8Hs60a= Carbon 
79*24,  hydrogen  13*21,  oxygen  7*55=100.  From  the  same  dark-brown  brown  coal  of  Ge8to^ 
witz  that  afforded  the  geomyricite,  and  from  the  name  solution. 

GBOMTRicrrB. — Wax-like.  Obtained  in  a  pulverulent  form  from  a  solution,  the  grains  con- 
sisting of  aoicular  crystals.  Color  white.  Melting  point  80**-8d''  C.  After  fusion  has  the 
aspect  of  a  yellowish  brittle  wax.  Soluble  easily  in  hot  absolute  idcohol  and  ether,  bot 
slightly  in  alcohol  of  80  p.  c.  Ct4H680a= Carbon  80*59,  hydrogen  18*42,  oxygen  509=100. 
Bums  with  a  bright  flame.  Occurs  at  the  Qesterwits  brown  coal  depont.  in  a  dark  braimi 
layer. 
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SUOCnirni.    Amber.    Snodn,  Ambre,  Fr.    BeniBtein,  Qerm. 

In  irregular  roasses,  without  cleavage.  H.=:2-2-6.  G.=1*065-1'081. 
LoBtre  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
often  clouded.  Streak  white.  Transparent — translucent.  Tasteless.  Elec- 
tro on  friction.    Fuses  at  287°  C,  but  without  becoming  a  flowing  liquid. 

Oomp.— Ratio  for  G  :  H  :  0=40  :  64 :  4=Garboii  78*94,  hydrogen  10*58,  oxygen  10*58= 
100.  Bat  amber  is  not  a  simple  resin.  According  to  Berzclios,  it  consists  mainly  (85  to  00 
p.  a)  of  a  resin  which  resists  all  solvents  (properly  the  species  sacoinite),  along  with  two  othei 
resins  aolnble  in  alcohol  and  ether,  an  oil,  and  2^  to  6  p.  c.  of  snocinio  acid.  Amber  is  hardly 
acted  on  by  alcohol  Bams  readily  with  a  yellow  flame,  emitting  an  agreeable  odor,  and 
leaves  a  black,  shining,  carbonaceous  residue. 

Oba. — Occurs  abundantly  on  the  Prussian  coast  of  the  Baltic ;  oocnning  from  Dantadg  to 
Memel ;  also  on  the  coast  of  Denmark  and  Sweden ;  in  QaUcia,  near  Lembeig,  and  at  Miasaa ; 
in  Poland ;  in  Moravia,  at  Boskowitz,  etc.  ;  in  the  Urals,  Bussia ;  near  Ohristiania,  Norway ; 
m  Switserland,  near  Bale;  in  France,  near  Paris,  in  day.  In  ESziigland,  near  London,  and  on 
the  coast  of  Norfolk,  Essex,  and  Suffolk.  In  various  parts  of  Aria.  Also  near  Catania,  on 
the  Sicilian  coast.  It  has  been  found  in  various  parts  of  the  Green  sand  formation  of  the 
United  States,  either  loosely  imbedded  in  the  soil,  or  engaged  in  marl  or  lignite,  as  at  Gay 
Head  or  Hariha^s  Yineyaid,  near  Trenton,  and  also  at  Camden  in  New  Jersey,  and  at  (^pe 
Sable,  near  Magothy  river  in  Maryland.  In  the  royal  museum  at  Berlin  there  is  a  mass 
weigMng  18  lbs.  Another  in  the  kingdom  of  Ava,  India,  is  nearly  as  large  as  a  child^s  head, 
snd  weighs  2|  lbs. 

It  is  now  fully  ascertained  that  amber  is  a  vegetable  resin  altered  by  fossilization.  This 
is  inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  and  from  the  occurrence 
of  insects  incased  in  it  Of  these  insects,  some  appear  evidently  to  have  struggled  after  being 
entangled  in  the  then  \  Iscous  fluid  ;  and  occasionally  a  leg  or  a  wing  is  found  some  distance 
from  the  body,  which  had  been  detached  in  the  effort  to  escape. 

Amber  was  early  known  to  the  ancients,  and  called  ^/ckt/sov,  electrum,  whence,  on  account 
of  its  electrical  susceptibilities,  we  have  derived  the  word  Hectricity,  It  was  named  by  some 
lyncariam,  though  this  name  was  applied  by  Theophrastus  also  to  a  stone,  probably  to  zircon  or 
tourmaline,  both  minerals  of  remarkable  electrical  properties. 

Other  related  resins  are:  Copalitk  {retinite  pt.)  from  Highgate  HiU,  near  London; 
Kraktzitb,  Nieubuig ;  WALcnowrrs,  Walohow,  Moravia ;  Ambrite,  N.  Zealand ;  Bath- 
viLLiTfiy  occurring  in  the  torbanite^  or  Boghead  coal  of  BathviUe,  Scotland ;  torbaniU  is 
related  to  it.     Sieqburgitb,  bcuBAUFiTE,  Ambrosene,  Duxite. 

XTLOBSTmiTB  (hartino).— C  :  H  ;  0=40  :  64  :  4.  BOMBICCITE,  C  :  H  :  0=18  :  7  : 1,  in 
lignite  in  the  valley  of  the  Amo,  Tuscany.  Lkucopktbitb.  C  :  H  :  0=60  :  84  :  8.  Ges- 
terwits,  near  Weissenf  els.  Euosuite.  C  :  H  :  0=84  :  29  :  2,  from  the  brown  coal  at  Baiershoi 
in  the  Fichtelgebirge.  Bohthornitb.  C  :  H  :  0=24  :  40 :  1.  In  coal  at  Sonnberg,  Carin- 
thia.     The  above  species  are  soluble  in  ether. 

SCLBRBTIMITE.->G  :  H  :  0=40  :  64  :  4.     Insoluble  in  ether.     Wigan,  England. 

PTBORBTnnTB,  Jaulinoitb,  REUSsnTiTB,  GuTAQUiLLiTE,  Wheblerite  (New  Mexico), 
eUs.    Batio  of  G  :  H=6  :  7  to  5  :  6^. 

MmDLETONiTE,  Stanekitb,  Anthracozenite.  Batio  of  C  :  H=6  :  6^  or  less.  Inadlii* 
lUe  in  ether  or  alcohoL 

Tabmahite  and  Dtbodilb  are  remarkable  in  containing  solphnr,  replacing  part  of  tbt 
ttygen. 

The  Acid  Oxygenated  Hydbocabbonb  include  Bntjrellite  (Bogbutter), 
Sncdnellite,  Dopplerite,  etc.,  etc 
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APPENDIX   TO  HYDROCARBONS. 

ASPHALTUBC    Bitumen.    Asphalt,  Mineral  Pitch.    Boxgpech,  E  -dpecfa,  Oerm. 

ABphaltum,  or  mineral  pitch,  is  a  mixture  of  different  hTdrocarbonp,  part 
of  which  are  oxygenated.    Its  ordinary  characters  are  as  follows: 

Amorphous.  5.=1-1'8 ;  sometimes  higher  fi*ora  impurities.  Lustre 
like  that  of  black  pitch.  Color  brownish-black  and  black.  Odor  bitumi- 
nous. Melts  ordinarily  at  90®  to  100°  C,  and  burns  with  a  bright  flame. 
Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether ; 
commonly  partly  in  alcohol. 

The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral  tar,  and 
through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change 
into  tne  solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by 
a  process  of  oxidation,  which  consists  iii'st  in  a  loss  of  hydrogen^  and  finally 
in  the  oxygenation  of  a  portion  of  the  mass. 

Oba. — ^Asphaltom  belongs  to  rocks  of  no  particular  age.  The  moat  abundant  depoeits  an 
■aperficial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposita  containing 
Bome  kind  of  bituminous  material  or  vegetable  remains. 

Some  of  the  noted  localities  of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphal- 
tites,  on  Trinidad ;  at  various  places  in  S.  America,  as  at  Caxitambo,  Peru ;  at  Berengela, 
Peru,  not  far  from  Arica  (S.) ;  in  Calif omiA,  near  the  coast  of  St.  Barbara.  Also  in  smaller 
quantities,  sometimes  disseminated  through  shale,  and  sandstone  rocks,  and  occasionaUy  lime- 
stones, or  collected  in  cavities  or  seams  in  these  rocks ;  near  Matlock,  Derbyshire ;  Poldiee 
mine  in  Cornwall ;  Yal  de  Travers,  Neuchatel ;  impregnating  dolomite  on  the  island  of  Brana 
in  Dalmatia ;  in  the  Cancasua ;  in  gneiss  and  mica  sclust  in  Sweden. 

The  following  substances  are  dosely  related  to  asphaltum,  and,  like  it»  are  mixtures  of  un- 
determined carbohydrogfens. 

GBAUAMrrB,  WurU.  —Resembles  the  preceding  in  its  pitch-black,  lustrous  appearance ;  H. 
-=2;  G.  =1*145.  Soluble  mostly  in  oil  of  turpentine  ;  partly  in  ether,  naphtha,  or  bensole; 
not  at  all  in  alcohol ;  wholly  in  chloroform  and  carbon  disulphide.  No  action  with  alkalies  or 
hot  nitric  or  hydrochloric  acid.  Melts  only  imperfectly,  and  with  a  decomposition  of  the 
surface  ;  but  in  this  state  the  interior  may  be  drawn  into  long  threads.  Occurs  in  W.  Vir- 
ginia, about  20  m.  in  an  air  line  S.  of  Parkcrsburg,  filling  a  fissure  (shrinkage  fissure)  in  a 
sandstone  of  the  Carboniferous  formation ;  and  supposed  to  be,  like  the  albertite,  an  ing^ss- 
sated  and  oxygenated  petroleum. 

Albertite,  Robb. — Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  in  oil 
of  turpentine,  and  in  its  very  imperfect  fusion  when  heated.  It  has  H.=l-2  ;  Q.  =1*007: 
lustre  brilliant,  pitch -like ;  color  jet-black.  Softens  a  little  in  boiling  water ;  in  the  flame  of 
a  candle  shows  incipient  fusion.  According  to  imperfect  determinations,  only  a  trace  soluble 
in  alcohol ;  4  p.  o.  in  ether;  30  in  oil  of  turpentine.  Occurs  filling  an  irregular  fissore  in 
rocks  of  the  Subcarbouiferous  age  (or  Lower  Carboniferous)  in  Kova  Scotia,  and  is  regaled 
as  an  inspissated  and  oxygenated  petroleum.  This  and  the  above  are  very  valuable  in  gas* 
making. 

PlAUZiTE. — ^An  asphalt-like  substance,  remarkable  for  its  high  melting  point,  815^  C.  It 
occurs  slaty  massive ;  color  brownish-  or  gnrepnish-black  ;  thin  splinters  oolophonite-brown  by 
transmitted  light ;  streak  light  brown,  amber-brown  ;  H.=l  *5 ;  G.=l  '220 ;  1  '186,  Kenngott 
It  comes  from  a  bed  of  brown  coal  at  Piauze,  near  Neustadt  in  Camiola ;  on  Mt  Chum,  neai 
Tilffer  in  Styria 

WoLLONGONOiTB,  SUHman. — Occurs  in  cubic  blocks  without  lamination.  Fracture  broad 
oonchoidal.  Color  greenish-  to  brownish-black.  Lustre  resinous^  In  the  tnie  dees  not  melt, 
but  decrepitates  and  gives  off  oil  and  gas ;  yields  by  dry  distillation  82*6  p.  c.  volatile  matter 
Inadluble  in  ether  or  benzole.     New  South  Wales. 
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BSQfBRAL    OOAL 

The  distingaishing  characters  of  Mineral  Coal  are  as  follows :  Oompact 
massive,  without  crystalline  structure  or  cleavage ;  sometimes  breaking 
with  a  degree  of  regularity,  but  from  a  jointed  ratlier  than  a  cleavage  struc- 
ture. Sometimes  laminated ;  often  faintly  and  delicately  banded,  successive 
layers  diflfering  slightly  in  lustre. 

H.=0-5-2*5.  G.=l-l-80.  Lustre  dull  to  brilliant,  and  either  earthy, 
rosinouB,  or  suhraetallic.  Color  black,  grayish-black,  brownish-black,  and 
occasionally  iridescent ;  also  sometimes  dark  brown.  Opaque.  Fracture 
oonchoidal — uneven.  Brittle;  rarely  somewhat  seetile.  Without  taste, 
except  from  imparities  present.  Insoluble  or  nearly  so  in  alcohol,  ether, 
naphtha,  and  benzole.  Infusible  to  subf usible ;  but  often  becoming  a  soft, 
pliant,  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford 
more  or  less  of  oily  and  tarry  substances,  which  are  mixtures  of  hydrocar- 
bons and  paraffin. 

Minei*al  coal  is  made  up  of  different  kinds  of  hydrocarbons,  with  perhaps 
in  some  cases  free  carbon. 

Var. — The  variations  depend  partly  (1)  on  the  amount  of  the  TOlatUe  ingredients  afforded 
on  destmotiye  destination ;  or  (2)  on  the  nature  of  these  volatile  compounds,  for  ingredients 
of  similar  oomposition  majr  differ  widely  in  volatility,  eta  ;  (3)  on  structure,  lustre,  and  other 
physical  characters. 

1.  AMTHRACrrB.  H.=2-2-5.  G.=l-82-l*7,  Pennsylvania;  1-81,  Rhode  Island ;  1*26-1 -86, 
South  Wales.  Lustre  bright,  often  submetallic,  iron  black,  and  frequently  iridescent.  Frac- 
ture oonchoidal.  Volatile  matter  after  drying  3  to  6  p.  c.  Bums  with  a  feeble  flame  of  a  pale 
odor.  The  anthracites  of  Pennqrlvania  contain  ordinarily  85  to  93  per  cent,  of  carbon ;  those 
of  South  Wales,  88  to  05 ;  of  France,  80  to  83 ;  of  Saxony,  81 ;  of  southern  Russia,  some- 
times 04  per  cent.  Anthracite  graduates  into  bituminous  coal,  becoming  less  hard,  and  con- 
taining more  volatile  matter ;  and  an  intermediate  variety  is  called  free-burning  anthracite. 

BrruMTNOUS  Coals  (Steinkoble  pt,  Germ.).  Under  the  head  ot  Bituminous  Goals,  a 
number  of  kinds  are  included  which  differ  strikingly  in  the  action  of  heat,  and  which  there- 
fore are  of  unlike  constitution.  They  have  the  common  characteristic  of  burning  in  the  fire 
with  a  yellow,  smoky  flame,  and  giving  out  on  distillation  hydrocarbon  oils  or  tar,  and  hencu 
the  name  bituminous.  The  ordinary  bituminous  coals  contain  ftrom  5  to  15  p.  a  (rarely  16  or 
17)  of  oxygen  (ash  excluded) ;  while  the  so-caUed  brown  coal  or  lignite  contains  from  20  to  j 
3G  p.  0.,  after  the  expulsion,  at  100**  0.,  of  15  to  36  p.  o.  of  water.  The  amount  of  hydrogen  i 
iu  each  is  from  4  to  7  p.  c.  Both  have  usually  a  bright,  pitchy,  greasy  lustre  (whence  often 
called  Peehkofde  in  German),  a  firm  compact  texture,  are  rather  fragile  compared  with  anthra- 
cite, and  have  G.  =1*14-1*40.  The  brown  coals  have  often  a  brownish-black  color,  whence 
the  name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitu- 
minous coals.  The  ordinary  bituminous  coal  of  Pennsylvania  has  G.  =1*20-1*37;  of  New- 
castle, England,  1-27;  of  Scotland,  1*27-1*32;  of  France,  1-2-1*33;  of  Belgium,  1'27-1*3. 
The  most  prominent  kinds  are  the  following: 

2.  Cakino  Goal.  A  bituminous  coal  which  softens  and  becomes  pasty  or  semi-viscid  in 
the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition,  and  is 
attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile  products 
which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off,  and  a 
coherent,  grayish-black,  cellular,  or  fritted  mass  {coke)  is  left.  Amount  of  coke  left  (or  part 
not  volatile)  varies  from  50  to  85  p.  c.     Byerite  is  from  Middle  Park,  Golorado. 

3.  NoN- Caking  Goal.  Like  the  preceding  in  all  external  characters,  and  often  in  ultimate 
eompoidtion  ;  but  burning  freely  without  softening  or  any  appearance  of  incipient  fusion. 

4.  Gannel  Goal  (Parrot  Goal).  A  variety  of  bituminous  coal,  and  often  caking ;  but  dil- 
fering  from  the  preceding  in  texture,  and  to  some  extent  in  composition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  lustre,  and  without  any  appearanoo 
of  a  banded  structure;  and  it  breaks  with  a  oonchoidal  fracture  and  smooth  surfaces;  ooloc 
dull  black  or  grayish-black.  On  distillation  it  affords,  after  drying,  40  to  66  o£  volatile  mat- 
ter, and  the  material  volatilized  includes  a  large  proportion  of  burning  and  lubrirating  oiIb, 
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madi  laiger  thvi  the  above  kinds  of  bitaminoiu  ooel ;  whence  it  is  eztenstTelj  used  for  the 
mAnafacfcare  of  each  oils.  It  gmdaates  into  oil-prodacing  coaly  shslee,  the  more  oompect  of 
which  it  much  resembles. 

5.  ToRBANiTE.  A  variety  of  caimel  coal  of  a  dark  brown  color,  yellowish  streak,  without 
lostro,  havingf  a  sabconchoidal  fracture;  H.=2'25 ;  0.  =  1'17>1*2.  Yields  over  60  p.  &  of 
volatile  matter,  and  is  used  for  the  production  of  burning  and  lubricating*  oils,  paraffin,  illn* 
minating  eas.  From  Torbane  Hill,  near  Bathgate  in  Linlithgowshire,  Sootiand.  Also  called 
Boghead  Vannd, 

6.  Bbown  Goal  (Brannkohle  Oerm.,  Pechkohle  pt  Germ.^  Lignite}.  The  prominent 
characteristics  of  brown  coal  have  already  been  mentioned.  They  are  non-caking,  but  aiFord 
a  large  proportion  of  volatile  matter.  They  are  sometimes  pitch-black  (whence  Pechkohle 
pt.  Oenn.\  but  often  rather  dull  and  brownish-black.  G.=l  '15-1  *3  ;  sometimes  higher  from 
impurities.  It  is  oocasionally  somewhat  lamellar  in  structure.  Brown  coal  is  often  called 
UgniU.  But  this  term  is  sometimes  restricted  to  masses  of  coal  which  still  retain  the  form  of 
the  original  wood.  Jet  \b  a  black  variety  of  brown  coal,  compact  in  textore,  and  taking  a 
good  polish,  whence  its  use  in  Jewelry. 

7.  EARTinr  Brown  Coal  {Ardige  BraunkcfUe)  is  a  brown  friable  material,  sometimes  form- 
ing layers  in  beds  of  brown  coal.  Bat  it  is  in  general  not  a  true  coal,  a  considerable  part  of 
it  being  soluble  in  ether  and  benxole,  and  often  even  in  alcohol;  besides  affording lai^ly  of 
oOs  and  paraffin  on  distillation. 

Comp. — Most  mineral  coal  consists  mainly,  as  the  best  chemists  now  hold,  of  oxypenated 
hydrocarbons.  Besides  oxygenated  hydrocarbons,  there  may  also  be  present  simple  hydrvear- 
bans  (that  is.  containing  no  oxygen). 

Sulphur  is  present  in  nearly  all  coala  It  i^  supposed  to  be  usually  combined  with  iros, 
and  when  the  coal  aff"rds  a  red  asfi  on  burning,  there  is  reason  for  believing  this  true.  Bat 
Peroy  mentions  a  coal  from  New  Zealand  (anal.  18)  which  gave  a  peculiarly  white  ash, 
although  containing  2  to  3  p.  o.  nf  sulphur,  a  fact  showing  that  it  is  present  not  as  a  sulphide 
of  iron,  but  as  a  constituent  of  an  organic  compound.  The  discovery  by  Church  of  a  reois 
oontaining  sulphur  (see  T  asm  am  its,  p.  415),  gives  reason  for  inferring  that  it  may  exist  in 
this  cool  in  that  state,  although  its  presence  as  a  constituent  of  other  organic  compounds  is 
quite  possible. 

The  chemical  relations  of  the  different  kinds  of  coals  will  be  understood  from  the  follov- 
ing  analyses: 

Carbon.  Hydrogen.  Oxygen.  Nitrogen.  Sulphur.  Ash. 

1.  Anthracite.  8.  Wales  02-56  8  83  2  53         1-58 

2.  Cakmg  Coal,  Northumberland  78*69  6  00  1007  2*37  1*51  1*36 
8.  Non-Caking  Coal,  Zwickau             80*25           401          10^8         0*49  2*99  1*57 

4.  Cannel  Coal,  Wigan  8007  5'58  810  212  1  50       2*70 

5.  Torbanite,  Torbane  Hill  64-02  8*90  5*66  O'o5  OSO      2032 

6.  Brown  Coal,  Meissen,  Sax  58*90  5*36  21-63         6*61        7^50 

Coal  occurs  in  beds,  interstratified  with  shales,  sandstones,  and  conglomerates,  and  some- 
times limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  Inch  to  80  feet  or 
more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghany  range, 
fai  rocks  that  have  undergone  great  contortions  and  f  racturings,  while  the  bituminous  an 
found  farther  west,  in  roclu  that  have  been  less  disturbed  ;  and  this  fact  and  other  observa- 
tions have  led  some  geologists  to  the  view  that  the  anthracites  have  lost  their  bitumen  by  the 
action  of  heat.  The  origin  of  coal  is  mainly  vegetable,  though  animal  life  has  contributed 
somewhat  to  the  result.  The  beds  were  once  beds  of  vegetation,  analogous,  in  most  respects, 
in  mode  of  formation  to  the  peat  beds  of  modem  times,  yet  in  mode  of  burial  often  of  a  veiy 
different  character.  This  vegetable  origin  is  proved  not  only  by  the  occurrence  of  the  leaves, 
stems,  and  logs  of  plants  in  the  coal,  but  also  by  the  presence  throughout  its  texture,  in 
many  cases,  of  the  forms  of  the  original  fibres;  also  by  the  direct  observation  that  peat  is 
a  transition  state  between  unaltered  vegetable  debris  and  brown  coal,  being  sometimes  fonnd 
pasAing  completely  into  true  brown  coal.  Peat  differs  from  true  coal  in  want  of  homo- 
geneity, it  visibly  containing  vegetable  fibres  only  partially  altered ;  and  wherever  changed 
to  a  fine-textured  homogeneous  material,  even  though  hardly  consolidated,  it  may  be  trae 
brown  coal. 

Extensive  beds  of  mineral  coal  occur  in  Oreat  Britain,  covering  11,859  square  miles;  in 
France  about  1,719  eq.  m. ;  iu  Spain  about  3,408  sq.  m. ;  in  Belgium  518  sq.  m. ;  in  Nether- 
lands, Prussia,  Bavaria,  Austria,  northern  Italy,  Silesia,  Spain,  Russia  on  the  south  near  the 
Asof ,  and  also  in  the  Altai.     It  is  found  in  Asia,  abundantly  in  China,  etc. ,  etc. 

In  the  United  States  there  are  four  separate  coal  areas.  One  of  these  areas,  the  Appal* 
ofaiau  coal  field,  commences  on  the  north,  in  Pennsylvania  and  southeastern  Ohio,  and  sweep 
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log  BOtilih  over  western  Viiginia  and  eastern  Kentucky  and  Tennessee  to  the  west  of  the 
Appalachians,  or  partly  involTed  in  their  ridges,  it  continues  to  Alabama,  near  TuscaJoosa, 
where  a  bed  of  ooal  has  been  opened.  It  has  been  estimated  to  ooTor  60,000  sq.  m.  A  sec- 
ond  ooal  area  (the  Illinois)  lies  adjoining  the  Mississippi,  and  covers  the  laiger  pajrt  of  niiuoia, 
though  much  broken  into  patches,  and  a  small  northwest  part  of  Kentud^.  A  third  covers 
the  central  x>ortion  of  Michigan,  not  far  from  5,000  sq.  m.  in  area.  Besides  these,  there  is  a 
smaller  coal  region  (a  fourth)  in  Bbode  Island.  The  total  area  of  workable  ooal  measures  in 
the  Ignited  States  is  about  125,000  sq.  m.  Out  of  the  borders  of  the  United  States,  on  the 
northeast,  commences  a  fifth  ooal  area,  that  of  Nova  Scotia  and  New  Brunswick,  which 
covers,  in  connection  with  that  of  Newfoundland,  18,000  sq.  m. 

The  mines  of  western.  Penn^lvania.  those  of  the  States  west,  and  those  of  Cumberland  or 
Frostburg,  Maiyland,  Bichmond  or  Chesterfield,  Ya. ,  and  other  mines  south,  are  bituminous. 
Those  of  eastern  Pennsylvania  constituting  several  detached  areas— one,  the  SehuyUdU  coal 
field — another,  the  Wyoming  coal  field — those  of  Bbode  Island  and  Massachusetts,  and  Eome 
patches  in  Virginia,  are  anthraertea,  Cannel  ooal  is  found  near  Greenaburg,  Beaver  Co.,  Pa., 
in  Kenawha  Co. ,  V&,  at  Peytona,  etc. ;  also  in  Kentucky,  Ohio,  Illinois,  Missouri,  and  Indiana ; 
but  part  of  the  so-called  cannel  is  a  coaly  shale. 

Brown  coal  oomes  from  coal  beds  more  recent  than  those  of  the  Carboniferous  age.  But 
mnoh  of  this  more  recent  coal  is  not  distinguishable  from  other  bituminous  coals.  The  coal 
of  Biohmond,  Viiginia,  is  supposed  to  be  of  the  Liassic  or  Triassio  era ;  the  coal  of  Brora,  is 
Sutherland,  and  of  Gristhorpe,  Yorkshire,  is  Oolitic  in  age*  Cretaceous  coal  occurs  on  Van- 
eouTer  Island,  and  Cretaceous  and  Tertiary  coal  in  many  places  over  the  Bocky  Mountain^ 
where  a  **  Lignitio  formation"  is  Teiy  widely  distributed. 
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SUPPLEMENTABY   CHAPTER.* 

Abriachanitb,  Heddle. — A  soft  blue  clay-like  sabstance,  filling  seams  and  caTities  in 
granite.  Probably  near  crocidolite  (p.  29b)  in  composition.  From  the  Abriacfaan  district 
near  Loch  Ness,  »30tland. 

Adamfte  p.  873. — Occurs  in  colorless  to  deep  green  crystals,  and  in  mammillary  groups, 
at  the  ancient  mines,  recently  reopened,  at  Laurium,  Greece. 

Aglaite. — Same  as  oymatolite  ;  that  is,  an  alteration  product  of  spodumene,  consisting  of 
an  intimate  mixture  of  albite  and  muscovite.    From  Goshen,  Mass. 

Alaskaitb,  K6nig.— Massive.  G.  =  6 '878.  Lustre  metallic.  Color  whitish  lead-gray. 
Composition  probably  (Ag9,Cu9,Pb)S  +  Bi^Ss.  Analysis  after  deducting  impurities.  S 
17-e3,  Bi  56-97,  SbO-62,  Pb  11-79,  Ag8*74,  Cu  8-46, *Zn  0*79=  100.  From  the  Alaska 
mine,  Poughkeepsie  Gulch,  Colorado.  Silbebwismuthglanz  of  Rammelsberg,  from  Moro- 
cocha,  Peru,  is  pure  AgsS  +  BisSj. 

Albite,  p.  828. — Has  been  made  artificially,  identical  in  form  and  composition  with  natu- 
ral crystals,  by  Hautefeuille. 

Ambltoonite,  p.  869. — Penfield  has  analyzed  specimens  from  Penig,  Montebras,  Heb.^n 
and  Auburn,  Me.,  Branchville,  Ct.  (including  **hebronite*'  and  **  montebrasite ").  lie 
shows  that,  while  the  varieties  vary  from  F 11  •28,IIaO  1*75  in  one  sample  to  F  175,  H9O  6-61 , 
in  another,  they  ail  conform  to  the  general  formula:  AlaPsOa  +  2E(F,0H),  differing  only 
in  the  extent  to  which  the  hydroxyl  replaces  the  fluorine. 

Ampbibole,  p.  296.— A  variety  containing  only  0*9  p.c.  MgO,  has  been  called  bergamas- 
kite  by  Lucchetti     Occurs  in  a  hornblende  porphyiy.     Monte  Altino,   Ber^mo,  Italy. 

Phdactiniie  (Bertels)  is  a  chloritic  alteration  product  from  a  rock  called  isemte.  Nassau, 
Germany. 

Analcite,  p.  843. — On  the  crystalline  system,  see  p.  189. 

Picranaleife,  of  Bechi,  is  identical  with  ordinary  analcite,  containing  only  a  trace  of 
magnesia,  according  to  Bamberger. 

ANiMiKrrE,  Wurtz. — An  impure  massive  n:ineral  supposed  to  be  a  silver  antimonide 
(Sb  11-18,  Ag  77-58).     Silver  Islet,  Lake  Superior. 

0 

Anner5dite,  BrOgger. — A  rare  columbate,  almost  identical  with  samarskite  in  composi- 
tion, but  in  form  very  near  columblte.  From  a  pegmatite  vein  at  AnnerOd,  near  Moss, 
Norway, 

ApATrrs,  p.  864. — Large  deposits  of  apatite,  affording  sometimes  gigantic  CT3rstals,  and 
sometimes  mined  for  commercial  purposes,  occur  in  Ottawa  County,  Quebec,  Canada  ;  also 
large  crystals,  with  zircon,  titanite  and  amphibole  in  Renfrew  County,  Ontario,  and  else- 
where ;  there  are  similar  deposits  at  KjOrrestad,  Barole,  Norway.  A  variety  from  San 
Roque,  Argsntine  Republic,  containing  6*7  p.c.  MnO,  has  been  called  mangdnapatite  by 
Siewert.     renflcld  found  106  p.c.  MnO  in  a  bluish-green  specimen  from  Branchville,  Ct. 

Pseudo-hexagonal,  Mallard,  see  p.  187. 

*  For  fuller  descriptioiu  of  new  species,  references  to  original  papers,  etc.,  see  Appendix  III.  (1881),  System 
of  Mineralogy. 
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Afophtllite,  p.  840. — Pseudo-tetragonal  (monoclinic),  according  to  Mallard  and  Rumpf, 
but  the  correctness  of  their  conclusions  is  doubtful ;  see  p.  185  et  seq. 

Akagonite,  p.  405. — A  variety  from  the  Austin  mine,  Wythe  CJo.,  Va.,  afforded  7*29  p.c. 
PbCO,. 

Abctoltte,  Blomstrand. — A  doubtful  silicate,  composition  near  prehnite,  prismatic  angle 
near  hornblende.     Hvitholm,  near  Spitzbergcn. 

Arbquipite,  Raimondi. — A  honey- yellow  compact  substance,  supposed  to  be  a  silico-anti- 
monate  of  lead,  but  probably  a  mixture.     Victoria  mine,  Province  of  Areqnipa,  Peru. 

Abfvbdsonite,  p.  298. — Occurs  with  zircon  and  astrophyllite  in  £1  Paso  Co.,  Ck)lorado. 

Abbhbnite,  NordenskiSld. — A  silico-tantalate  of  yttrium,  erbium,  etc.,  resembling  feld- 
spar in  appearance.    Probably  an  uncertain  decomposition  product.     Ytterby,  Sweden. 

Absenaboentite,  Hannay. — An  uncertain  silver  arsenide  of  doubtful  source. 

AsKANiTE,  p.  288. — Accordinfi^  to  Weisbach  and  v.  Lasaulx,  identical  with  tridymite  ; 
observed  in  the  meteoric  iron  of  RittersgrOn,  Saxony. 

AsTBOPHYLLiTE,  p.  818. — ^Referred  to  the  triclinic  system  by  BrOgger  ;  properly  a  mem- 
ber of  the  pyroxene  fi^up,  not  one  of  the  true  micas. 
Occurs  with  arfve£onite  and  zircon  in  El  Paso  Co.,  Colorado. 

Ateline  (or  atelite),  Scacchi. — An  alteration  product  of  tenorite  at  Vesuvius  ;  near  ata- 
camite  in  composition. 

Atopite,  NordenskiOld. — In  isometric  octahedrons.  H.  =  5*5-6,  G.  =  5  08.  Color  yellow 
to  brown.  Composition  essentially  CaaSbsO?  (near  romeite).  Imbedded  in  hedyphane  at 
Mngban,  Sweden. 

AuTUNiTE,  p.  879.— Monocb'nic  (or  triclinic),  according  to  Brezina. 

BALVBAinrrB,  Heddle.— A  doubtful  substance  having  a  saccharoidal  structure,  and  pale 
purplish- brown  color.  G.  =  2*9.  An  analysis  gave,  SO,  46  04,  AlaO,  20'11,  Fe^Ot  2*52, 
MnO  0-79,  MgO  8-30,  CaO  1847,  Na,0  2*72,  K,0  1-86,  HaO  4-71  =  10002.  In  limestone 
at  Balvraid,  Xnvemess-shire,  Scotland. 

Barcenite,  Mallet. — An  uncertain  alteration  product  of  livingstonite,  massive,  earthy, 
color  dark  gray.    G.  =  5*848.    Huitzuco,  Guerrero,  Mexico. 

Babylite,  Blomstrand. —In  groups  of  prismatic  crystals.  Two  distinct  cleavages  (84"*). 
H.  =  7.  G.  =  408.  White.  BB.  infusible.  A  silicate  of  aluminum  and  barium  (46 
p.c.  BaO).     In  limestone  at  L&ngban,  Sweden. 

Beeoebite,  KOnig. — In  elongated  isometric  crystals.  Cleavage  cubic.  G.  =  7*278. 
Color  gray.  Lustre  metalHc.  Composition,  6PbS  +  Bi,S,  =  B  14-78,  Bi  21*86,  Pb  68*84 
=  100.    From  the  Baltic  Lode,  Park  Co.,  Colorada 

Bebtl,  p.  299. — Pseudo-hexagonal,  according  to  Mallard,  see  p.  186. 

A  variety  in  short  prismatic  to  tabular  crystus  has  been  called  rosteriU  by  Grattarola. 
Locality,  Elba. 

Found  rW.  E.  Hidden)  in  fine  crystals  of  large  size  (to  10  inches  in  length),  and  emerald 
color,  in  Alexander  Co.,  K.  C,  also  in  highly  modified  crystals  of  pale  green  color. 

Bebzeliite. — This  arsenate  from  L&nghan,  Sweden,  is  isometric  according  to  SjOffren  ; 
honey  to  sulphur  yellow,  lustre  resinous.  Lindgren  regards  the  ortho-arsenate  of  calcium 
and  magnesium,  anisotrope,  of  the  same  locality,  as  distiiict^  and  says  that  earlier  descrip* 
tions  of  berzeliite  belong  to  it. 
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Bhreckite  (or  Vreckite),  Heddle. — A  doubtful  soft  apple-green  substance,  coating  auarti 
crystals.  A  hydrous  silicate  of  alumina,  iron,  magnesia  and  lime.  From  the  nill  Ben 
Bhreck,  Sutherland,  Scotland. 

BisiixjTOsPH.fiRiTE,  Weisbach. — In  spherical  forms,  with  concentric,  fine  fibrous  radiated 
structure.  Regarded  as  an  anhydrous  oismuth  carbonate.  From  Neustadtel,  Schneeborg, 
Saxony. 

Blomstranbite,  Lindstr5m. — A  columbo-titanate  of  uranium,  allied  to  samarskitc. 
From  Nohl,  Sweden. 

BoLTViTE,  Domeyko. — An  alteration  product  of  bismuthinite,  probably  a  mechanical 
mixture  of  Bi^Os  and  BiaSj.    Mines  of  Tazna,  Province  of  Choroloque,  Ekniyia. 

BoBACTTB,  p.  881. —On  the  crystalline  system,  see  p.  189. 

BowLENOiTE,  Hannay. — ^A  soft,  soapy,  green  substance,  containing  silica,  alumina,  iron, 
magnesia,  lime,  water  ;  doubtless  heterogeneous.    Bowling  on  the  Clyde,  Scotland. 

Bbataisitb,  Mallard. — In  fine  crystalline  fibres,  of  a  grayish  color,  forming  lasers  in  the 
coal  schists  at  Noyant,  Allier  Dep*t,  France.  G.  =  2*0.  Analysis,  SiOs  51*4,  AUOs  18-9, 
Fe,0,  40,  CaO  20,  MgO  83,  K,0  6-5,  H,0  18-8  =  99*4. 

Brookfte,  p.  277. — In  Mallard's  view,  brookite,  rutile  and  octahedrite  are  all  monoclinic, 
having  the  same  primitive  form,  but  differing  in  the  way  in  which  the  individuals  are 
grouped,  see  p.  18o. 

Bbuctte.  p.  281. — MangwfkbrucUe  (IgelstrOm)  is  a  manganesian  variety  of  brucite  (14*16 
MnO)  from  the  manganese  mines  of  the  Jakobsberg,  Werraland,  Sweden.  In  fine  granular 
form  with  hausmannite  in  calcite. 

Eiaenbrucite,  Sandbe^er. — A  doubtful  substance  resulting  from  the  alteration  of  bm 
cite.    Sieberlehn  near  FVeiberg. 

Cabrebite. — Occurs  in  crystals  (isomorphous  with  er^hrite)  at  the  zinc  mines  of  Laa- 
rium,  Greece.     An  analysis  by  Damour  corresponds  to  NiaAs^Os  -|-8  aq. 

Calamine,  p.  829. — According  to  Groth,  the  formula  should  be  written  HsZutSiOt. 

CALAVEBrrB,  p.  249. — Occurs  at  the  Keystone  and  Mountain  Lion  mines,  Colorado.  Com- 
position (Genth)  :  (Au,  Ag;Te„  with  Au  :  Ag  =  7  : 1.     H.  =  2*5.     G.  =  9048. 

CANCRiNrrE,  p.  817. — An  original  species  (Rauff,  Koch),  and  not  an  alteration  product  of 
nephelite,  the  carbon  dioxide  l^ing  essential  and  not  due  to  calcite. 

Cartinitb,  LundstrOm. — Massive,  monoclinic  ;  two  cleavages  (180^.  H.  =  3-3-5.  G. 
=  4*26.  Color,  brown.  Composition,  RsAs^Oe,  with  R  =  Fb,Mn,C;a,Mg.  Occurs  with 
calcite  and  hausmannite  at  L&ngban,  Sweden. 

Chabazite,  p.  844. — Triclinic,  according  to  Becke,  the  crystals  being  complex  twins  of 
several  individuals. 

Chalcom entte,  Des Cloizeaux and  Damour.  —Monoclinic.  /  a  /— 108°  20'.  O  a^  = 
89°  9'.  G.  =  8*76.  Color,  bright  blue.  Composition,  CuSeOa  +  2  aq,  or  a  copper  aele- 
nite.    From  the  Cerro  de  Cacheuta,  Mendoza,  Argentine  Republic. 

Chalcoftritb,  p.  244.— Found  well  crystallized,  often  coated  with  crystals  of  tetrahe- 
drite  in  parallel  position,  near  Central  City,  Gilpin  Co  ,  Colorado. 

Childrekitb,  p.  877.— Formula,  as  shown  by  Penfield,  R^AUPaOio  -i-  4HtO,  or  AUPtO*  + 
2RHaO  +  2aq,  with  R  =  Fe  principally,  also  Mn.  This  requires:  P«0»  80*80,  AlOt  22*31 
FeO  26*87,  MnO  4*87,  H,0  15*65. 
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A  mineral  clooely  related  to  ohildrenite  has  been  called  toaphinrile  by  Brush  and  B.  S. 
Dana.  Orthorhumbiu.  In  prismatic  crystals  (see  flg.),  near  chil- 
drenite.  IA-I=  104°  19'  ;  p  ap  (1a1)  =  133°  32'  (front),  =  118° 
5H'(aide),  Hen  I,  aaA  a  {i-i)  =  2-i  a,ad  0  at  chMrenite.  Also  mass- 
ive, cleavable  to  compact.  Cleavage  parallel  a  [i-i)  nearly  perfect. 
H.  =:  5.  G.  =  8  11-3 145.  Lustre  vitreous  to  sub-reainous,  also 
greasy.  Color  roaa  pink,  yellowiBh,  colorless,  when  compact  various 
shades  of  white.     Streak  white.     Transparent  to  translucent. 

Ucneral  formula  like  childrenite  (sec  above),  but  with  much  man- 

Knese  and  little  iron  (10  :  b).  Percentage  composition  ;  PsOi 
■98,  AI,0, 3J-85,  MnO  23-80,  PeO 7'24.  H,0  15-88  =  100.  B,  B.  in 
the  foreepe  cracks  opens,  sprouts  and  whitens,  colors  the  flams  pale 
green  and  fuses  at  4  to  a  black  magnetic  mass.  Reacts  for  nian^- 
nese  and  iron  ;  is  solnble  in  acids.  Occurs  with  other  manganesian 
phosphates  in  a  vein  ot  pegmatite  at  Branchfille,  Conn. 

CuuKiLLDHiHiTE,  iicacchi, — Hydrous  aluminum  chloride  from  Vesunus. 

Chlobohaonesitb,  Scacchf, — Hydrous  roagnesiam  chloride  from  Vesuvius.  BUekofite 
(Ochsenius  and  PfeiSert  fram  Leopoldshall,  Prussia,  has  the  composition  MgCli  +  8  aa. 
CrystaUine,  massive,  foliated  or  florous.  Color  white.  Forms  thin  layers  in  halite,  witn 
hieseriU  and  camallite.     Beadily  assumes  water  on  exposure. 


OUl 

No 


—Pilarile,  from  Chili,  is  an  alaminons  variety,  IS-ft  p.o.  A1|0|. 


Clevbitb.  NordenskiOld. — A  mineral  closely  related  to  uraninite,  but  besides  u 
(and  lead)  contains  yttrium,  erbium,  cerinm,  etc.    In  isometric  crystals.    U.  —  S  6. 
=  7'49.    Color  iron  black     A  decomposition  product  of  a  yellow  color  is  called  i/tlm- 

.mmiU  (analf^us  to  ordinary  |pimmit«).    Occurs  in  feldspar  at  Qarta,  near  Arendal, 

CuNOCBOcrrs,  Sandberger,    Singer. — An  imperfectly  described  sulphate  of  iron,  etc., 
occurring  in  saffron -y silo w  microscopic  crystals,  derived  from  the  decolii position  of  pyrita 
at  tbe  Bauersberg,  near  Bischofsheim  vor  der  Rh5Q.     Clinovhaite,  from  (he  same  source, 
"    ' '  '  n  microscopic  crystals  ;   formula  SRiSOi  +  [R.IH.O,  +  B  aq,  with 

=  Pe,K„Na,. 

Cliktonite,  p,  858. — On  the  relations  of  the  "clintonite  group  "of  minerals,  see  Tscher- 
malc  an4  Sip&cz,  Z.  Kryst.,  iii..  Am. 

CoLORinorrE,  Genth.— Massive,  granular.  H.  —  8.  G.  =8'627.  Lustre  metallic.  Color 
iron  black.  Composition  HeTe  =  tellurium  89,  mercury  81  =  100.  Occurs  with  native 
tellurium,  sylvan  ite,  gold,  at  tneKeystoDe,  Mountain  Lion,  and  Smuggler  mines  in  Colorada 

CoLDMBiTK,  p.  860.— Occurs  sparingly  in  small  translucent  crystals  at  Branchville,  Conn., 
havinc  the  composition  MnCb,0.  +  HnTa,0,  ;  containing  1558  p  c.MnO,  and  0-43  FeO. 
Also  the  ordinary  variety  in  groups  of  very  large,  though  rough,  crystals,  weighing  some- 
times 00  pounds,  at  the  same  locality.    Found  with  amasonstone  at  Pike's  Peas,  C^ontdo. 
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and  in  Yanoey  Co.,  N.  C.    Also  with  monazite,  orthite,  etc.,  in  Amelia  Cknmty,  Yiigimai 
allied  in  composition  to  the  above  inanganesiaii  variety  from  Branchville. 

CoBONOUiTE,  Raimondi. — An  earthy,  pulverulent  snbstance  of  a  gray  to  black  color. 
Containing  antimony  pentoxide,  lead,  and  silver  oxides,  water,  but  of  doubtful  homogeneity. 
District  of  Corongo  and  elsewhere  in  Peru. 

CoBUNDOPHiLiTE,  p.  858. — Amente  of  Shepard,  from  Chester,  Mass.,  %  very  near  conm- 
dopl^ilite. 

CoRUiTDUK,  p.  267. — Monoclinic  according  to  Tschermak  (orthorhombic.  Mallard) ;  often 
optically  biaxiaL    See  p.  181  et  seq. 
Made  arti&cially,  witn  the  colors  of  rubies  and  sapphires,  by  FrSmy  and  Fell. 

CasAUTB,  p.  252. — Bjelkite  of  H.  Sjogren  is  identical  with  cosalito.  From  the  BjeQce 
mine,  Nordnutfk,  Sweden. 

CosBnuTE,  Foerstner. — Near  araphibole  in  form,  but  triclinic,  and  with  /a/'  = 
114"  5'.  Cleavage  prismatic.  Q.  =  3-75.  Color  black.  An  analysis  gave  :  SiOs  48-55, 
AUO,  4-9ft,  Fe,0,  797,  FeO,  8287,  MnO  1-96  CuO  0-89,  MgO  0-86,  CaO  2  01,  Na,0  5-29, 
K«0  0*33  =  100*21.  In  minute  ciystals  weathered  out  of  the  ground  mass  of  the  liparite 
lavas  of  the  Island  Pantellaria  (ancient  name  Cossyra). 

Craigtonitb,  Heddle. — Doabtfol  mineral,  contains  AliOs,  Fe«Os,  MgO,  etc.  Dendrites 
in  granite  at  Craigton,  Aberdeenshire,  Scotland. 

CaocoiTE,  p.  885. — Described  by  B.  Silliman  as  occurring  at  the  Phenix  and  other  mines 
in  Yavapai  Co.,  Arizona. 

Cbtolitb,  p.  264. — Observations  of  Krenner  make  cryolite  monoclinic  instead  of  triclim'c. 
Cryolite  and  some  related  fluorides  have  been  found  (Cross  and  Hiliebrand)  in  the  Pikers 
Peak  region,  El  Paso  Co.,  Colorado. 

CupaoGALcrrE,  p.  411. — Mechanical  mixture  of  CaCOa  and  CusO,  Damour. 

CusproiNE,  Scacchi. — In  spear-shaped  monoclinic  cr3r8tals  ;  color  pale  rose  red.  A  calcium 
silicate  containing  fluorine.     Vesuvius. 

Otanitb,  p.  882.— Recently  found  in  well  terminated  crystals,  Bauer,  vom  Hath. 

Ctprusptb,  Reinsch — A  supposed  anhydrous  iron  sulphate,  occnmng  in  the  western 
part  of  the  island  of  Cyprus.  Soft.  Color  yellow.  Analysis  :  SOt  21*5,  FcaO*  (AlsO»  tr.i 
51-5,  insoL  silica  (shells  of  Radiolaria)  25,  GUO  (hygrosc.)  2  =  100. 

'  Danaute,  p.  802.— Occurs  at  the  iron  mine  of  Baitlett,  N.  H.  (Wadsworth). 

Danbubite,  p.  811.  Occurs  (G.  J.  Brush  and  E.  S.  Dana)  well  cirstallized  and  abundant 
at  Russell,  K.  Y.  Orthorhombic,  homoeomorphous  with  topaz  ana  like  it  in  habit.  I  /\1 
=  122" 62' (topaz  =  124**  17),  w aw  =  54''  58'  (topaz  =  55"  20),  dr^d^^VJ""  T (topaz  =  96"  6*). 

Common  forms  as  in  figures,  v>  =  4-1,  d  =  1-t,  l=i-2,  n  =  i-4,  r  =  2-2.    Color  pale  wine 
or  honey  yellow,  colorless.    Transparent.    Composition  CaBsSisOt,  as  of  Danbury  mineral 


/. 


!r« 


' 


•I 


Also  from  the  Skopi,  Switzerland,  in  transparent  crystals. 
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Datreuxtte,  de  Koninck.— In  aggregates  of  minute  acionlar  crystals.  Color  white, 
with  tinge  of  red.  Calculated  composition  :  SiO«  46*89,  A1,0, 4019,  MnO  6-98,  MgO  1  30, 
H,0  4*09  =  100.     Occurs  in  quartz  veins  in  the  Ardennes  schists  at  Ottre,  Belgium. 

Dawsontte,  p.  410. — Occurs  (Chaper)  in  the  province  of  Siena,  Plan  Castagnaio,  Tuscany. 
Analysis  gave  Priedel :  (|)  CO,  2909,  AlaO,  36-89,  Na,0  19  18,  H,0  1200,  MgO  1-39, 
CaO  0-42. 

Djelessite,  p.  856. — More  or  less  related  to  the  chloritic  delessite  are :  Suhdelessite  from 
the  ThQringer  Wald  ;  HuUite,  Cammoney  Hill,  near  Belfast,  Ireland. 

DESCiiOiziTB,  p.  867.— Occurs  in  the  Sierra  de  Cordoba,  Argentine  Republic  ;  perhaps  also 
in  Arizona.  Composition  of  South  American  mineral  (Rammelsberg)  KsVaOs  +  RHaOa, 
withR=  Pb  (56  p.c),  Zn  (17  p.c.) 

Brackebusehiie  from  C'ordoDa,  Argentine  Republic,  occurs  in  small  striated  crvstals. 
Color  black.     Composition  perhaps  RaVaOs  +  H9O,  with  R  =  Pb  :  Fe  : Mn  =  4:1  : 1. 

Dbstinezite,  Forirand  Jorissen, — An  iron  phosphate  from  Argenteau,  Belgium;  occurs 
in  yellowish  white  earthy  masses. 

Diamond,  p.  228. — Has  been  made  artificially,  in  the  form  of  a  fine  sand,  by  J.  B.  Hannay. 

DiCEHTSONiTE,  G.  J.  Brush  and  E.  S.  Dana. — Monoclinic,  pseudo-rhombohedral,  /^=:  6r 
80 .  c Afl  =  118^*  80',  c Al?  =  118"  52',  CA«  =  97°  58' ;  c  =  Oji>  =1,  «  =  2,  a-  =  -  8-i.  Com- 
monly foliated  to  micaceous.  Cleavage  basal  perfect.  H.  =  8'IM.  G.  =  8 '888-8 '84b. 
Lustre  vitreous,  on  c  pearly.  Color  various  shades  of  green.  Composition  4RaP20s  +  8aq. 
with  R  =  Mn,Fe,('a,Na„  requiring:  P,Oa  40-05,  FeO  12-69,  MnO  25'04,  CaO  11-86, 
NaaO  6*56,  H9O  8*81  =  lOJ.  Occurs  with  eosphorite,  triploidite,  etc.,  in  pegmatite  at 
Branchville,  Conn. 

DiETKiCHiTE,  V.  Schrdckingcr. — A  zinc^iron-manganese  alum,  related  to  mendozite,  etc. 
A  recent  formation  at  FelsObanya,  Transylvania, 

DoppLEiUTE,  p.  415.— A  black  gelatinous  hvdrocarbon  from  a  stratum  of  muck  below  a 
peat  bed  at  Scranton,  Penn.,  is  called  by  H.  C.  Lewis  phytoeolUie ;  empirical  formula 
(.'loHitOifl. 

DouGLASiTB,  Ochsenius,  Precht.— From  Douglasshall,  formula,  2KCl,FeCl8,2HaO. 


DupoKTHiTE,  Collins. — An  asbestiform  mineral  filling  fissures  in  serpentine.  Color  green- 
ish to  brownish  gray.  Contains  silica,  alumina,  iron,  magnesia,  and  water.  Duportn,  St. 
Austell,  ComwaiL 

Du&FBLDTiTE,  Raimondi, — ^Massive,  indistinctly  fibrous.  Color  light  gray.  Metallic. 
Composition  8RS  +  Sb^Sa  (if  the  results  of  an  analysis  after  deducting  81  p.c.  gangue  can 
be  trusted),  with  R  =  Pb,Ags»Mn»  also  Fe,Cu9.  from  the  Irismachay  mine,  Anquimarca, 
Peru. 

Dtsanalttb,  Knop.— The  perofskite  of  the  Kaiserstuhl  is,  accoi'ding  to  Knop,  a  new 
oolumbo-titanate  of  calcium  and  iron  (with  also  Ce,Na). 

fioooNiTE,  Schiauf. — In  minute,  grayish-brown  crvstals  (triclinic)  near  barite  in  habit. 
Supposed  to  be  a  cadmium  silicate.    Occurs  with  calamine  and  smithsonite  at  Altenberg. 

Ckdemitb,  NordenskiOld. — Massive,  coarsely  granular,  also  incrusting.  Cleavage  basal. 
H.  =  2'6-8.  G.  r=  7-14,  Color  brirfit  yellow  to  green  Composition  PhftAs^O,,  +  2PbCl, 
=  A8,0. 10-59»  PbO  59-67,  CI  7'68,  Pb  22*16  =  100.    Found  at  L&ngban,  Sweden. 
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ELEOirouTK,  Nits.— Monoclinio  ;  often  in  dnises  and  in  radi&t«d  crusts.    CluTage  ortbo- 

BdisKODol.     H.  =  S-4.     Lustre  vitreous.      Color   red  bronn  to  dark  hjB«in)b  red.    Stnak 
iliow.     Composition  (Streug)  aFe,P,0,-iPe,H,0.-(-S  aq.     From  the  Elecnoremineonthe 
Qnaber^,  nenr  Giessen,  and  Che  Kothl&ufclien  mine  near  Woldgirmes.     Perbape  identical 
with  tbe  iron  phoepbate  beraunit«  from  Benigna,  Bohemia. 

intoining  SiOi.     In  gneiss  near  Elloo, 


Eleoquits,  ShepBrd. — A  heterogeneous  robetanoe  contsicing  silica,  alumina,  iron  oxide, 
water  and  (as  an  impurity)  S2  p.c.  PtOt.     Island  of  Elioque,  Caribbean  Sea. 


-ietj  from  Staasfnrt  and  Leo- 
B  cr^Btals  of  unknown  nature  occurring  in  «  cavity 

i. 

Ekiochalcfte,  Scacchi. — Copper  chloride  from  Vesuvius. 

!  plates.    Color  red.    Perhaps  (Dea  Cloi- 

n  good  crystoln  in  the  Tyrol,  from  the  Hohe  Tanem,  perhaps 

EucKASrrE,  Paijkull. — A  mineral  from  Brevig,  Norway,  near  thbrtte. 

EucBYPTiTE,  G.  J.  Brasb  and  K  S,  Dana.— Hexag- 
onal. In  regularly  arranged  cr^tals  imbedded  In 
albite  (like  graphic  granite,  see  Sg.)  both  of  which  have 
resulted  from  the  alteration  of  apodumcne.  O.  =  2'S67. 
Composition  Li,Al,8i,0,  =  Sib,  47-51,  Al.O,  4(K1, 
Li,0  11-88=  100.    BranchTille,Conn. 

EnLTTrrG,  p.  803. — Pseudo  rbombohedrol  according 
to  Bertrand. 

EusracBiTslB  (BammelBberg)  4Pb.V,0,  +  8Zn.V/)^ 
ArDoxene  is  2(Pb,Zn)iV,0,  +  (Pb,Zn>iA»,  O,. 

TritochoriU  (Prenzd)  is  related,  compoaiti(m  RiV,Oh 
with  R  =  Pb{Mp.e.),  Cu  (7  p.c),  Zn  (11  p.o.).  Lo- 
cality  nncertaia 

Faikfielditr.  0.  3.  Brush  and  E.  9.  Dana.^Triclinio.  Foliated  or  lamellar,  cirtitalliDe; 
also  in  radiating  matses,  curved  foliated  or  fibrous.  Cleavage  brachydlagonal  perfect. 
Lustre  pearly  tjj  aubadaniantine.  Color  white  to  pale  strawyellow.  Transparent.  Com- 
position R,i',0,  +  '>aq,  with  R  =  Ca  :  (Mn  4-  Fe>  =  3  :  1.  This  requires  :  P,0.  89-80,  FeO 
6-64.  UnO  IS'lO.  CaO  80-S9,  E,0  8'9T  =  100.  Occurs  with  other  manganesiac  phofpbotea 
at  Branchville,  Conn. 

Lew»manganHe  (Sandberger)  from  Rabenstein,  Bavaria,  may  be  identical ;  not  yet 
described. 

FiLDSPix  Qbouf.— Schnstet  haa  shown  that  in  the  aeriw  of  triolinio  fsldopon  tlMre  Is 
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in  optical  relations  the  same  g[radnal  transition  from  the  one  extreme  (albite)  to  the  other 
(anorthite)  as  exists  in  composition.  Thus,  he  finds  that  the  directions  of  light-ezLtinction, 
as  observeid  on  the  basal  and  clinodiag^nal  sections,  the  position  of  the  axes  of  elasticity, 
the  dispersion  of  the  axes,  and  the  axial  angle  all  bhow  this  gradual  change  in  the  same 
direction.  These  results  confirm  the  accepted  view  of  Tschermak  that  the  intermediate 
triclinic  feldspars  are  to  be  regarded  as  isomorphous  mixtures  of  albite  and  anorthite  in 
varjring  proportions  ;  moreover,  they  explain  the  apparent  difficulties  raised  bv  the  obser- 
vations of  Des  Cloizeaux  (p.  819).  The  angles  given  on  p.  820  are  then  true  only  in  special 
cases,  since  in  the  varieties  varying  in  composition  these  values  will  also  vary.  The  values 
for  angles  (given  by  Schuster)  made  by  the  extinction-directions  with  0  and  ir-l  are  as 
follows : 

With  0  With  « 

Albite +4*      to      +8*  +18' 

Varieties   between    Albite )  +  2**      to      + 1°  4-12" 


and  Oligoclase , 

Oligoclase :.  +2°  to  +V  +8°    to     +2" 

Andesite -T  to  -2°  -4**    to    -6° 

Labradorite -4**  to  -5°  -17'' 

Varieties   between  Labra- )             iao  ^^  -tao               oqo 

dorite  and  Anorthite. ...  f  "^^  ^  "  ^**  ""^ 

Anortiiite -88°  -40° 

FEBGiTSOinTE,  p.  862. — ^New  localities  :  Rockport,  Mass.  (J.  L.  Smith) ;  Burke  Co.,  K.  C. 
(Hidden)  ;  Mitchell  Go.,  N.  G.  (Shepard). 

Ferbotelluiutk,  Genth. — In  delicate  radiating  crystalline  tufts  of  a  yellow  color.  Per- 
hapa  an  iron  tellurate.    Keystone  mine,  MagnolSi  District,  Golorado. 

FiLLOWiTE.  G.  J.  Brush  and  E.  S.  Dana. — Monoclinic  ;  pseudo-rhombohedral.  Gener- 
ally  in  granular  crystalline  masses.  H.  =  4*5.  G.  =8*48.  Lustre  subresinous  to  greasy. 
Golor  wax  yellow,  yellowish  to  reddish  brown.  Gomposition  8Rsp908  -+■  aq,  with  B  =  Mn, 
Pe,  C^,  Na* ;  requiring  :  P.O^  40-19,  PeO  680,  MnO  4019,  CaO  5*28,  Na,0  584,  H,0  1*70 
=  100.    Occurs  with  other  manganesian  phosphates  in  pegmatite  at  Branchville,  Conn. 

Fluobite,  p.  268. — Pseudo-isometric,  according  to  Mallard  ;  see  p.  186. 

FosESiTE,  p.  847. — Probably  identical  with  stilbite. 

Prahklakditb,  Reynolds. — Kear  ulexite.  Massive.  White.  G.  =r  1*65.  Composition 
Na4Ca,B,aO„,  15H,0.    Tarapaca,  Peru. 

Fbstalitb,  Esmark,  Damour.— A  silicate  of  cerium,  thorium,  etc.  G.  =  4*06-4*17. 
Color  brown.    Prom  Brevig,  Norway, 

Gasounitb,  p.  809. — Contains  the  new  earth  ytterbium  (Marignac),  also  scandium  (Cleve) 


requirmi 
Kordmwk,  Sweden. 

Gavomalite,  KordenskiOld. — Massive.  H.  =  4.  G.  =  4*98.  Lustre  greasy.  Colorless 
to  white  or  whitish  gray.  Transparent.  Composition  (Pb,Mn)SiOs ;  analysis  (Lind- 
strOm  :  SiO,  84-65,  PbO  8489,  MnO  2001,  CaO  4*89,  MgO  8*68,  alk.,  ign.  1  88=99*58. 
Occurs  with  tephroite,  native  lead,  etc.,  at  lAngban,  Sweden. 

Gasnbt,  p.  802. — ^Pseudo-isometric,  according  to  Mallard  and  Bertrand,  see  p.  186. 
Kearly  colorless  garnets  occur  at  Hull,  Canada  ;  others  containing  5p.c.  Gr^Os  at  Wakefield, 
(Quebec.    Large  perfect  crystals  in  mica  schist  near  Fort  Wrangell,  Alaska. 

GABjriBEiTE,  p.  851. — An  allied  hydrated  silicate  of  magnesium  end  nickel  has  been 
found  in  Southern  Oregon,  at  Piney  Mountain,  Cow  Creek,  I)ougla8  County. 
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QiNiLSiTEi  Fischer. — A  doubtful  silicate  from  the  Ginilsalpi  QzaubQnden,  Switseriand. 
GisMONDiTB,  p.  341.— Triclinic,  complex  twins,  according  to  Schrauf  and  v.  Lasaulx. 

QuANAJUATFTE,  Fcmandez.  1878. — The  same  mineral  as  that  afterward  called  frenzelite 
(p.  223).  Composition  (Mallet),  Bi^Sea,  with  a  little  Se  replaced  by  S.  8Ua<m%ie  is  a 
mechanical  mixture  of  this  mineral  and  native  bismuth. 

GuNNisoNrrB,  Clarke  and  Perry  (Am.  Chem.  Joum.,  iv.,  140). — A  massive  substance,  of 
a  deep  purple  color,  mixed  with  calcite.  An  analysis,  after  deducting  12*75  (JaCOa.  yielded 
CaPa  74-89,  CaO  11-44,  SiO,  687,  AUG.  595,  Na^O  0-85  =  100.  Probably  an  impure 
fluorite  ;  perhaps  altered  ;  certainly  not  a  homogeneous  mineraL 

GuBJARiTE,  Cumenge.— Grthorhombic  ;  in  prismatic  crystals,  form  near  that  of  chaloo- 
Btibite.  H.  =  3-5.  G.  =  5  03.  Color  steel  gray.  Composition  CuaSb4S7  or  Cu,S  +  2Sb,S,. 
From  the  copper  mines  in  the  district  of  Guejar,  Andalusia. 

GuMMiTE. — This  decomposition  product  of  uraninite  occurs  in  considerable  masses  at 
the  Flat  Rock  mine,  Mitchell  Co.,  N.  C. 

Gtboltte,  p.  828. — Tobermarite  of  Heddle,  is  near  gyrolite  and  okenite.  Massive.  Color 
pinkish  white.  G.  =  2-423.  Analysis  :  SiOa  46-62,  AlaO,  3-99,  FaO,  066,  FeO  1-08,  CaO 
83*98,  KaO  0-57,  NaaO  089,  H9O  1211  =  99*81.  Filling  cavities  in  rocks  near  Tobermory, 
Island  of  Mull. 

Hallotsitb,  p.  352. — Indtcmatte  of  Cox,  is  a  white  porcelain  clay,  useful  in  the  arts, 
occurring  in  considerable  beds  in  Lawrence  Co.,  Indiana. 

Hannatite,  Tom  Rath. — In  triclinic  prismatic  crystals.  G.  =  1*898.  Composition 
H4(NH4)MgaP40i6  +  8  aq.     Occurs  in  guano  of  the  Skipton  Caves,  Victoria. 

Hatghettolite,  J.  L.'Smith.— Isometric,  habit  octahedral.  H.=  6.  G.  =  4T7-4-90.  Lustre 
resinous.  Color  yellowish  brown.  Translucent.  Fracture  conchoidal.  A  columbo-tan- 
talate  of  uranium  and  calcium,  containing  6  p.o.  water ;  closely  related  to  pyrochlore. 
With  samarskite  in  the  mica  mines  of  Mitchell  Co.,  N.  C. 

Hatesine. — ^Accordin^  toN.  H.  Darton,  this  borate  occurs  sparingly  with  datolite  and  cal- 
cite at  Bergen  Hill,  N.  J. 

Hedyfhane,  p.  367. — A  variety  from  Langban  contains  (LindstrOm)  8  p.c.  BaO.  Mono- 
clinic  (Des  Cioizeaux),  and  perliaps  isomorphous  with  caryinite,  p.  422 ;  this  would  sepa- 
rate it  from  mimetite. 

Heldbuboite,  LQdecke. — In  minute  tetragonal  crystals,  resembling  gnarinite.  Color 
yellow.  H.  =  6-5.  Composition  unknown.  In  feldspar  of  the  phonolyte  of  the  Heldburg, 
near  Coburg. 

Helvtte,  p.  302.— Occurs  at  the  mica  mine  near  Amelia  Court  House,  Amelia  Co.,  Vir- 
ginia. In  crystals  and  crystalline  masses,  of  a  sulphur-yellow  color,  imbedded  in  ortho- 
clase. 

Henwoodite,  Ck>llin8. — In  botrvoidal  globular  masses,  crystalline.  H.  r=  4-4*5.  G. 
=  2*67.  Color  turquoise  blue.  A  hydrous  phosphate  of  aluminum  and  copper  (7  p.c. 
CuO).    West  Phenix  mine,  (Ik)mwall. 

Herbbnorukdite,  Brezina  (=  TJrvI^lgyite,  Szab6). — In  spherical  groups  of  six-eided  tabu- 
lar crystals  (monoolinic).  Cleavage  ba^  perfect.  H.  =  2*5.  G.  =  3*182.  Lustre  vitreous, 
pearly  on  cleavage  face.  Color  emerald  to  bluish  green.  A  hydrous  basio  sulphate  of 
copper^  allied  to  langite.    From  Herrengrund  (ss  Urv&lgy)  in  Hungary. 
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Hbbsite,  p.  338. — ^Paeudo-isometrio  (triclinic)  according  to  Beoke,  but  the  conclusion  is 
not  beyond  question. 

HETiBHOLiTB  (Hetuiite),  G.  E.  Moore.— In  botiyoidal  coatings,  with  radiated  structure, 
H.  =  5.  G.  =  4  988.  Stated  to  be  a  zinc  hausmannite.  Occurs  with  chalcophanite  at 
Sterling  Hill,  New  Jersey. 

Heubachite,  Sandbercper. — In  thin  soot-like  incrustations,  also  dendritic.  Color  black. 
A  hydrous  oxide  of  cobeuft  and  nickeL    Heubachthal,  near  Wittichen,  Baden. 

HcuuLKDiTE,  p.  847. — Oryzite  of  Qrattarola  may  be  identical  with  heulandite.  In 
minute  white  crystals,  resembling  rice  grains  {opv^a,  rice),    Elba. 

HiBBERTiTE,  Heddle. — A  lemon-yeUow  powder  in  kammerorite ;  in  composition  probably 
a  mixture  of  magnesium  hydrate  and  calcium  carbonate.  From  the  chromite  quarry  in 
the  island  of  Unst,  Scotland. 

HiBBATiTE,  Cossa  (Traus.  Acad.  Line,  III.,  vi.,  14). — A  potassium  fluo-silicate,  2KF  + 
SiF^,  obtained  in  octahedral  crystals  from  an  aqueous  solution  of  part  of  stalaotitic  concre- 
ilons  found  at  the  f uraaroles  of  the  crater  of  Vuicano.  The  concretions  have  a  grayish  color, 
a  spongy  texture,  rarely  compact,  and  consist  of  hieratite,  lamellie  of  boracic  acid,  with 
selensulphur,  arsenic  sulphide,  etc. 

HosaLiTB,  PaijkuU.— Near  gadolinite  and  datolite  in  ancles  and  habit.  H.  =  4 '5-5. 
G.  =  8*34.  Lustre  resinous  to  vitreous.  Color  black  or  blacKish  brown.  Translucent  in 
thin  splinteiB.  Composition  FeCaBaSisOio,  or  analogous  to  datolite.  From  the  Stocko, 
near  Brevig,  Norway. 

HoPEiTE. — Composition  probably  ZuaPaOs  +  4  aq.    Orthorhombic.    Altenberg. 

HiTBiTEBiTE,  D.  883. — Fouud  (Jenney)  near  Deadwood,  Black  Hills,  Dakota.  Also  in  rho- 
dochrosite  at  Adervielle,  in  the  Hautes  Pyr^n^. 

HuKmiTE,  Wurtz. — An  impure  massive  mineral  from  Silver  Islet,  Lake  Superior,  re- 
garded as  a  basic  silver  arseniae. 

Htalotekftb,  NordenskiOld. — Coarsely  crystalline,  massive.  H.  =  5-5 "5.  G.  =8*81. 
Lustre  vitreous  to  greasy.  Color  white  to  pearly  gray.  Analysis  (incomplete) :  SiOs  89  62, 
PbO  25-30,  BaO  20  60,  CaO  7  00,  ign.  0*82,  AlaOsKsO,  etc.,  tr.    From  L&ngban,  Sweden. 

Htdrooerusstte,  NordenskiOld. — A  hydrous  lead  carbonate,  occurring  in  white  or  color- 
less crystalline  plates  on  native  lead  at  Ij&ngban,  Sweden. 

Htdrofbanklintte,  Roepper. — ^A  hydrous  oxide  of  zinc,  manganese  and  iron,  occurring 
in  brilliant  regular  octahearons,  with  perfect  octahedral  cleavage.  Sterling  Hill,  N.  i. 
Never  completely  described. 

Htdbophiute,  Adam. — Calcium  chloride ;  see  chlorocalcite,  p.  260. 

Htdrorhodonttb,  EngstrOm. — A  hydrous  sUicate  of  manganese  (MnSiO»  +  aq).  Massive, 
crystalline.     Color  red  brown.     L&ngban,  Sweden. 

Ilestte,  Wuensch. — In  loosely  adherent  crystalline  aggregates.  Color  white.  Taste 
bitter,  astringent.  Composition  (M.  W.  lies)  RSO4  +  4  aq,  with  R  =  Mn  :  Zn  :  Fe  =  5 : 
1:1.    Occurs  in  a  siliceous  gangue  in  Hall  Valley,  Park  Co.,  Colorado. 

loDOBBOMrrE,  T.  Lasaulx. — Isometric,  octahedral.  G.  =  5*718.  Color  sulphur  yellow, 
sometimes  greenish.  Composition  2Ag(Cl,Br)  +  Agl.  From  the  mine  ''bchOne  Aus- 
sicht,'*  I>embach,  Nassau. 

Ibon,  p.  226.— The  later  investigations  of  the  so-called  meteoric  iron  of  Ovifak,  Disco 
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Ba^,  Greenland,  more  especially  by  TOmebohm  and  J.  Lawrence  Smith,  leave  no  donbt  ihaX 
it  IS  in  fact  terrestriaL 

Jambsonite,  p.  251. — Occurs  in  Sevier  Co.,  Arkansas,  with  other  ores  of  antimony. 

Jabositb. — Occurs  in  tabular  rhombohedral  crystals  at  the  Vulture  mine,  Arixona 
(Silliman),  and  at  the  Arrow  mine,  Chaffee  Co.,  Colorado  (KOnig).  Composition  E3SO4+ 
FeaS.Oi,  +  2Pe9H«0.. 

Kentbolitb,  Bamour  and  vom  Rath.  — In  minute  orthorhombic  crystals,  grouped  in 
sbeaf-llke  forms  like  stilbite.  H.  =  5.  G.  =  6*19.  Color  dark  reddish  brown.  Composition 
probably  PbaMDaSiaOs.    From  Southern  Chili. 

Kkennertte,  Yom  Bath  (Bunsenin,  Krenner). — Orthorhombic;  in  vertically  striated 
prismatic  crystals.  Color  silver  white  to  brass  yellow.  Lustre  metallic,  brilliant.  A  tellu- 
ride  of  gold,  perhaps  related  to  calaverite.     Nagyag,  Transylvania. 

Lautitb,  Frenzel.— (Generally  massive.  H.  =  8-3-5.  G.  =  4-98.  Metallic.  Color  iron 
black.    Formula  given  CuAsS,  but  very  probably  a  mixture.    Lauta,  Marienberg,  Saxony. 

Lawbencitb,  Daubree. — Lx>n  protochloride  occurring  in  the  Greenland  native  iron,  etc 

Lbadhillite,  p.  390. — Susannite  is  very  probably  identical  with  leadhillite. 

Leidtitb,  K5nig. — ^In  verruciform  incrustations,  consisting  of  fine  scales.  Color  various 
shades  of  green.  A  hydrous  silicate  of  aluminum,  iron,  magnesium,  and  calcium.  LBipe^ 
ville,  Delaware  Co.,  Penn. 

LEUcriE,  p.  318. — ^Hasbeen  made  artificially  by  Fouque  and  Levy  ;  also  an  iron  lendte 
has  been  msbde  by  Hautefeuille  ;  optical  character  as  of  natural  crystals. 

LsnooGEtALCiTE,  Saudbcrgcr. — In  slender,  nearly  white  crystals.  According  to  an  imper- 
fect description,  an  arsenical  tagilite.     Wilhelmine  mine  in  the  Spessart. 

Leucophantte,  p.  800. — ^Monoclinic  (fiertrand,  Groth),  twins  analogous  to  those  of  hw 
motome. 

Leucotilb,  Hare. — In  irregularly  grouped  silky  fibres  of  a  green  color.  Analysis  :  Sid 
28-98,  A1,0,  6-99,  Fe,0,  816,  MgO  29-78,  CaO  7-37,  Na,0  1-32,  K,0  tr.,  HjO  17  29  =  99-88. 
Beichenstein,  Silesia. 

Libbthbnitb,  p.  373. — Pseudo-orthorhombic,  monoclinic,  according  to  Schrauf. 

LiSKEABDiTE,  Maskclyue. — Massive,  incrusting.  Color  white.  Stated  to  have  the  compo- 
sition Al8AsaOM,16H30.    Not  fully  describ«i.    Liskeard,  ComwaJL 

LiviNGSTONrrE,  p.  232.— Composition  probably  HgaS  +  4Sb9Sa. 

LouisiTB,  Honey mann.  —A  transparent,  glassv,  leek-green  mineral  H.  =  6-5.  G. = 2*41. 
Analysis  (H.  Louis):  SiO,  6374,  AlaO,  0  57,  l^eO  1  25,  MnO  tr.,  CaO  17-27,  MgO  0-88, 
KsO  8  38,  NaaO 008,  H^O  12  96  =  99-63. 

Macfaelanite,  Sibley. — A  name  given  to  the  complex  granular  silver  ore  of  Silver  Islet, 
Lake  Superior,  which  has  yielded  the  supposed  huntiiite. 

Magnolite,  F.  A.  Genth. — In  radiating  tufts  of  minute  acicular  crystals.  Color  white. 
Lustre  silky.  Composition  perhaps  Hg9Te04.  A  decomposition  product  of  colorsdoite, 
Keystone  mine,  Magnolia  District,  Colorado. 
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Hallakditb.  Camot. — ^In  colorless  cystalline  fibrous  masses.  Composition  M11SO4  +  Tiiq. 
From  the  **  Lucky  Boy"  silver  mine,  Butterfield  Canon,  near  Salt  Lake,  Utah. 

MAirGANOSiTE,  Blomstraud. — Isometric.  Cleavage  cubic.  H.  =  6-6.  G.  =  5*118. 
Lustre  vitreous.  Color  emerald  green  on  fresh  fracture,  becoming  black  on  exposure. 
Composition  MnO.    From  Langban,  and  from  the  Mossgrufva,  Nordmark,  Sweden. 

MABMAntoLiTE.  Holst. — In  fine  crystalline  needles.  H.  =5.  G.  =8  07.  Color  pale 
yellow.  Composition  near  enstatite,  but  with  6  p.cNaaO  and  1*9  p.c.  KaO.  L&ngban, 
Sweden. 

Matiucitb,  Hoist.— In  crystalline  masses.  H.  =  8-4.  G.  =  2*58.  Color  gray.  Feel 
greasy.  A  hydrous  silicate  of  magnesium,  near  villarsite,  but  with  one  molecule  HsO, 
From  the  Krangrufva,  Wermland,  Sweden. 

Mblanotektte,  LindstrSm. — Massive,  cleavable.  H.  =  6*5.  G.  =  5*78.  Lustre  metalUc 
to  resinous.  Color  black  to  blackish  gray.  Composition  PbaFesSiaOQ  (analogous  to  ken- 
trolite).     With  magnetite  and  yellow  garnet  at  Langban,  Sweden. 

Melanothalltte,  Scacchi. — Copper  chloride  from  Vesuvius. 

Melamtebite,  p.  895. — Luchite  of  Camot  is  a  variety  containing  1-9  p.c.  MnO.  "  Lucky 
Boy"  silver  mine,  Butterfield  Canon,  near  Salt  Lake,  Utah. 

MEUFHAinTE,  p.  800. — Tetragonal  according  to  Bertrand. 

Mbnaccanite,  p.  269. — HydroUmenite  of  Blomstrand  is  a  partiaUy  altered  variety,  con- 
taining a  little  water.    From  Sm&land,  Sweden. 

Mica  Gboup,  pp.  811  to  815. — Tschermak  has  shown  that  all  the  species  of  the  mica 
group  are  monocunic.  an  axis  of  elasticitv  being  inclined  a  few  degrees  to  the  plane  of 
cleavage  ;  these  conclusions  are  confirmed  by  Bauer  ;  and  von  Kokscharof  shows  that  in 
angle  there  is  no  sensible  deviation  from  the  orthorhombic  type. 

Tschermak  divides  the  species  into  two  groups  as  follows  : 

I.  TI. 

BioiiUs:  Anomite.  Meroxene,  Lepidomelane. 

PMogopiies :  Phlogopite,  Zinnwaldite. 

( Lepidolite, 
Mwcovites :  <  Muscovite, 

( Paragonite. 
Margarites :     Margarite. 

In  group  I.  are  included  all  the  micas  in  which  the  optic  axial  plane  is  perpendicular  to  the 
plane  01  symmetry  ;  and  group  II.  includes  those  in  which  it  is  parallel  to  the  plane  of 
s}rmmetry.  Thus,  the  former  species  biotite  is  divided  on  this  principle  into  anomite 
{dvoMo?,  contrary  to.  law)  and  merox^ne  (Breithaupt*s  name  for  the  vesuvian  biotite).  For 
example,  the  mica  occurring  with  diopside  in  granular  calcite  at  Lake  Baikal  is  anomite, 
as  also  that  from  Greenwood  Furnace,  N.  Y.  Meroxene  is  represented  by  the  Vesuvian 
magnesian  mica.  Muscovite  includes  also  some  of  the  "  hydro-mica^ "  to  all  of  which 
belong  the  formula  (H,K),Al,Si808  ;  phengite  is  a  name  given  to  some  muscovites  approach- 
ing lepidolite  in  composition,  and  thus  not  conforming  to  the  unisilicate  type.  For  the  full 
discussion  of  the  subject,  sec  the  original  memoirs  of  Tschermak  and  also  those  of  Kammels- 
berg,  etc.,  referred  to  in  Appendix  III. 

Haiwhtonitfi  (Heddle).  from  Scotch  granite,  etc.,  is  a  variety  of  biotite,  characterized  by 
containing  much  FeO  (to  19  p.c  )  and  little  MgO.  Siderophyilite  (H.  C.  Lewis)  from  CoL 
orado  contains  all  FeO  (25*5  p  c.)  and  only  a  trace  of  magnesia. 

MicROLrTE,  p.  359— -In  small  brilliant  octahedrons,  light  grayish  vellow  to  blackish  brown 
(NordenskiSld;,  at  Ut5,  Sweden.  G.  =  5-25.  Composition  CagTa/OT,  with  also  MnO  and 
MgO. 
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Occurs  at  the  mica  mines  of  Amelia  Co.,  Virginia  (Dunnington).  In  modified  octa- 
hedrons, also  in  large  (to  4  lbs.)  imperfect  crystals.  Ot.  =  5*656.  Composition  easentiallj 
CaaTaaO?,  with  also  ^  CbOFs.    Also  occurs  at  Branchville,  Conn.  (Brush  and  Dana). 

Haddamite  of  Shepard,  from  Haddam,  Conn.,  is  related,  perhaps  identical 

MiLABiTE.— Orthorhombic,  pseudo-hexagonal.  Composition  HKCaaAlaSinOtt.  Origin- 
ally described  from  Yal  Hilar,  but  really  (Kuschel)  from  Val  Giuf,  Switzerland  (giufite). 

MiMETiTE,  p.  866. — According  to  Bertrand  and  Jannettaz,  crystals  of  pure  lead  arsenate 
are  biaxial ;  as  the  amount  of  lead  phosphate  increases  the  angle  diminisheb  and  pure  lead 
phosphate  (pyromorphite)  is  uniaxial ;  but  this  may  be  due  to  the  grouping  of  uniaxial 
crystals  in  positions  not  quite  parallel.  Occurs  with  yanadinite  in  Yuma  Co.,  Arizona 
(Silliman,  Blake). 

MixiTE,  Schrauf. — Incrusting,  crypto-crystalline.  Color  emerald  to  bluish  green.  H. 
=  8-4.    G.  =2*66.    A  hydrous  arsenate  of  copper  and  bismuth.    JoachimsthaL 

Molybdenite,  p.  233. — Perhaps  orthorhombic  (Groth). 

MoLTBDOHEmTE,  CoBALTOMENiTE,  Bertrand  (Bull.  Soc.  Min.,  v.  90). — Minerals  belonging 
to  the  same  group  of  selenltes  as  chalcomenite.  Molybdomenite  is  a  lead  selenite,  occor- 
ring  in  thin  white  lamellas,  nearly  transparent,  orthorhombic,  two  cleavages.  CobaUcme^ 
nite  is  a  cobalt  selenite  in  minute*  rose-red  crystals  occurring  in  the  midst  of  the  selenides 
of  lead  and  cobalt.     From Cacheuta,  Argentine  Republic. 

MoNAZiTE,  p.  868. — From  Arendal,  a  normal  phosphate  (Rammelsberg^  of  cerium,  lan- 
thanum and  didymium,  containing  no  thorium  nor  zirconium.  Penfield  has  proved  that 
the  thorium  sometimes  found  is  due  to  admixed  thorite.  Tumerite,  according  to  Pisani, 
has  the  same  composition. 


MoNETiTE,  C.  U.  Shepard  and  C.  U.  Shepard,  Jr.— In  irregular  aggregates  of  smaU  tii- 
clinic  crystals.  H.  =  3*5.  G.  =2'75.  Lustre  vitreous.  Color  pale  yellowish  white.  Semi- 
transparent.  Composition  HCaPOi.  requiring  PaO*  52*20,  CaO  41  18.  H,0  6*62  =  100. 
Occurs  with  gypsum  and  monite  at  the  guano  islands,  Moneta  and  Mona,  in  the  West 
Indies. 

MoNiTE  occurs  as  a  slightly  coherent,  uncrystalline,  snow-white  mineral.  G.  =  2*1. 
Composition  perhaps  CasPaOa  +  HaO. 

MoBDENiTE. — Steeleiie  of  How  is  an  altered  mordenite  from  Cape  Split,  N.  S.  Mor- 
denite  (How)  has  the  composition  SiO,  6840,  AUO,  12-77.  CaO  8*46,  Na,0  2*85,  H,0 
1802  =  100. 

Naotagite,  p.  249. — Perhaps  orthorhombic  (Schrauf). 

Natbolite,  p.  842. — Monoclinic,  according  to  Ltldecke. 

Neogtanite,  Scacchi. — In  minute  tabular  crystals  of  a  blue  color.  Supposed  to  be  an 
anhydrous  copper  silicate.     Mt.  Vesuvius. 

Nephbite,  p.  297.— The  general  subject  of  nephrite  and  jadeite  in  their  mineralogical 
and  archseological  relations  has  been  exhaustively  discussed  by  Fischer  in  a  special  work 
on  that  subject. 

Newbebtttb,  Yom  Rath. — In  rather  large  tabular  orthorhombic  crystals.  Composition 
MgslisPaOs  +  6  aq.     From  the  guano  of  the  Skipton  Caves,  Victoria. 
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KiTBOBABTtis. —Crystals  of  native  barium  nitrate  hare  been  obtained  from  Chili;  in 
apparent  octahedrons  formed  of  the  two  tetrahedrons. 

NocERiNE,  Scacchi.— In  white  acicular  crystals,  perhaps  rhombohedral ;  regarded  as  a 
double  fluoride  of  calcium  and  magnesium.    From  the  volcanio  bombs  of  Nocera. 

OcTAHEDRrrE  (Auatasc),  p.  277. — Belongs  to  the  monoclinic  system,  according  to  Mal- 
lard's view  (see  p.  186). 
Found  in  nearly  colorless  transparent  crystals  at  Brindletown,  Burke  Co.,  N.  C.  (Hidden). 

OyoFBiTE.— A  massive  mineral  (G.  =  7*62),  from  Marysvale,  Utah,  has  the  composition 
Hg(S,Se),  with  S  :  Se  =  6  : 1.  It  thus  corresponds  nearly  with  Haidinger's  onofrite,  which 
has  S :  Se  =  4  : 1. 

OftPiMENT  (p.  281)  and  realgar  (p.  281)  occur  in  Iron  Co.,  Utah  (Blake). 

Obthoclase,  p.  825. — Elockmann  (Z.  Eryst.,  vi.,  498)  has  described  twins  of  orthoclase 
from  the  Scholzenbei^,  near  Warmbrunn,  in  Silesia,  the  twinning  planes  in  different  cases 

were  i-t,  0,  2-tV  2-i,  /,  i-d. 

Obthtte,  p.  808. — Found  in  imperfect  bladed  crystals  at  the  mica  mines  in  Amelia  Co., 
Virginia,  with  monazite,  columbite,  etc 

Ottbelite,  -p.  858. — A  variety  of  ottrelite  from  V^nasque,  in  the  Pyrenees,  has  been 
called  vencuquite  (Damour). 

OxAHMrrE. — Ammonium  oxalate  (Shepard)  from  the  Guanape  Islands.  Also  called  guanch 
pits  by  Baimondi. 

Ozocerite. — A  related  mineral  wax  has  been  found  in  large  quantities  in  Utah. 

Pachhoutb,  p.  265.— See  thamaenoliUf  p.  488. 

Peckh AMITE,  J.  L.  Smith.— From  the  Estherville,  Emmet  Co.,  Iowa,  meteorite.  In 
tounded  nodules,  with  greasy  lustre,  and  light  greenish-yellow  color.  G.  =  8-28.  Compo- 
sition Equivalent  to  two  molecules  of  enstatite  and  one  of  chrysolite. 

Pectoute,  p.  827. — Walkerite  (Heddle)  is  a  closely  related  mineral  from  the  Corstor- 
phine  Hill,  near  Edinburgh,  Scotland. 

Pblagite,  Church.— a  name  given  to  the  composite  manganese  nodules  obtained  by  the 
«  Challenger"  from  the  bottom  of  the  Pacific. 

Penwtthite,  Collins. — Described  as  a  hydrated  silicate  of  manganese  (MnSiOs  +  2  aq) 
from  Penwith,  Cornwall. 

Pebofseite,  p.  270. — ^Recent  observations  refer  it  to  the  ortborhombio  sjrstem,  the  crys- 
tals being  complex  twins.  Ben-Saude,  however,  regards  it  as  isometric  and  parallel 
hemihedial,  the  observed  double  refraction  being  due  to  secondary  causes,  see  p.  190. 

PsTALTiE,  p.  205. — ^Hydrocastorite  is  an  alteration  product  of  castorite  from  Elba  (Grat- 
tarola). 

Phabmaoosidebitb,  p.  876.—- Pseudo-isometric,  according  to  Bertrand,  see  p.  186. 

Phenactte,  p.  801.— Obtained  well  crystallized  from  Switzerland,  perhaps  from  Val 
Giuf.    Also  (Cross  and  Hillebrand)  from  near  Pike's  Peak,  El  Paso  Co.,  Colorado. 

Phillifsitb,  p.  846.— Crystalline  system  monoclinic  (Strong),  with  a  higher  d^;reo  ol 
pseudo-symmetry  due  to  twinning. 
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Phosphurantlite,  Qenth. — As  a  pulverulent  incrustation,  of  deep  lemon-yellow  color. 
Composition  probably  (UO,)»'PiOt  H-  6  aq.  Occurs  with  other  uranium  minerals  at  the 
Fiat  Rock  mine,  Mitchell  Ck).,  N.  C. 

PiciTE,  Nies. — An  amorphous,  dark  brown  hydrous  iron  phosphate  from  the  Eleonore 
mine  and  the  Rothiaufchen  mine,  near  Giessen.     Of  doubtful  homogeneity. 

PiCKEMNaiTE,  p.  895. — Sonomaite  (Goldsmith),  from  the  Geysers,  California,  oxApicnaJir 
lumogene  (Roster),  iiom  Elba,  are  closely  related  minerals. 

PiLOLiTE,  HeddK — A  name  suggrested  for  some  minerals  from  Scottish  localities  of  nearly 
related  composition,  which  hare  gone  by  the  names  ''mountain  leather"  and  'mountain 
cork." 

Plagiocitrite,  Sandberger,  Singer. — A  hydrous  sulphate  of  alumina,  iron,  potassium, 
sodium,  etc.,  occurring  in  lemon-yeUow  microscopic  crystals,  and  formed  from  the  decom- 
position of  pyrite  at  the  Bauersberg,  near  Bischofsheim  vor  der  Rh5n. 

Platinum,  p.  223. — ^A  nugget  weighing  104  grams,  and  consisting  of  46  p.c.  platinum 
and  54  p.c.  chromite,  was  found  near  Plattsburgh,  N.  T.  (Collier). 

Plumbomanoanite,  Hannay. — Described  as  a  sulphide  of  manganese  and  lead,  but  doubt- 
less a  mixture.    Source  unknown. 

Plukbostannite,  Raimondi. — An  impure  massive  mineral,  described  as  a  sulph-antimo- 
nite  of  tin,  lead  and  iron,  but  of  doubtful  homogeneity.    From  the  district  of  Moho,  Peni. 

PoLYDYMTTE,  Laspcyres.— Isometrfc,  octahedral.  H.  =  4*5.  G.  =  4-808-4'816.  Com- 
position NiiSft.  From  GrQnau,  Westphalia.  Laspeyres  regards  the  saynita  of  von  Kobell, 
grQnauite  of  Nicol,  as  an  impure  polydymite. 

PoLTHALiTE,  p.  ^%,—Krugit6  (Precht)  is  a  related  mineral  from  New  Stassfurfc.  Com- 
position,  if  homogeneous,  EaSOi  +  MgS04  +  4CaS04  -f  2  aq. 

PRICETTE,  p.  882. — Pandermite  (vom  Rath)  is  a  borate  from  Pandermaon  the  Black  Sea, 
near  priceite,  if  not  identical  with  it. 

PsEunoBRooKiTE,  Eoch.~In  thin  tabular  striated  crystals,  orthorhombic.  H.  =  6. 
G.  =  4*98.  Lustre  adamantine,  on  crystalline  faces.  Color  dark  brown  to  black.  Con- 
tains principally  the  oxides  of  iron  and  titanium.  From  the  andesite  of  the  Aranyer  Berg, 
Transylvama,  and  Riveau  Grand,  Monte  Dore,  also  with  the  asparagus  stone  of  Jumilla, 
Spain  (Lewis).    Near  brookite. 

PsECDOKATROLiTE,  Grattarola. — Tn  minute  acicular  crystals.  Colorless.  A  hydroos 
silicate  (62*6  p.c.  SiOa)  of  aluminum  and  calciimi.    From  San  Piero,  Elba. 

.  PsiLOHELANE,  p.  2S2,—CcUvonigrite  (Laspeyres)  from  BCUtebom  is  a  variety. 

Pyrite,  p.  243. — Occurs  in  highly  modified  crystals  in  Gilpin  Co.,  Colorado. 

Pyrolusitb,  p.  278. — According  to  Groth,  the  prismatic  angle  is  09°  80'. 

Pyrophosphorite,  C.  U.  Shepard.  Jr. — A  massive,  earthy,  snow-white  mineral  from  the 
West  Indies.    Described  as  a  p>Tophosphat6  of  calcium  and  magnesium. 

Pyrrhotite,  p.  241. — Perhaps  only  pseudo-hexagonal,  the  apparent  form  due  to  twin- 
ning. 

<JUARTZ,  p.  284. — The  smoky  quartz  of  Branchville,  Conn.,  contains  very  large  cuanti* 
ties  of  liquid  CO.  (Hawes),  also  N,H,S,SO„H,N,F  (A.  W.  Wright). 
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RaIiStonite,  p.  265.— Composition  (Brandl)  3(Na,,Mg,Ca)F,  +  8A18F8+  6HaO. 

Randtte,  K6mg.  — A  canary  yellow  incrustation  on  granite  at  Frankford,  near  Phila- 
delphia.    Contains  calcium  and  uranium,  but  composition  doubtful. 

Reddingite,  6.  J.  Bnish  and  E.  S.  Dana. — Orthorhombic  ;  habit  octahedral ;  form  near 
that  of  scorodite.  H.  =r&-3'5.  G.  =8*10.  Lustre  yitreous  to  sub-resinous.  Color  pale 
rose  pink  to  yellowish  white.  Composition  MnsPaO(>  +  8  aq,  with  a  varying  amount  of  iron 
(5-6  p.o.FeO).    With  other  manganesian  phosphates  at  Branchville,  Cona 

Reikite,  K.  y.  Fritseh,  LCLdecke. — A  tetragonal  iron  tungstate  (FeWO^)  near  scheelite  in 
form,  and  perhaps  a  pseudomorph.    From  Kimbosan,  Japan. 

Resin. — The  following  are  names  recently  given  to  various  hydrocarbon  compounds  : 
ajkit«,  bemardinite,  celestial ite,  duxite,  gedanite,  hofmannite,  huminite,  ionite,  kOflachite, 
muckite,  neudorfite,  phytocollitoi  posepnyte. 

Rhabdophake,  Lettsom. — A  cerium  phosphate,  perhaps  the  same  as  phosphocerite. 

Rhodochbosite,  p.  408. — A  Hungarian  variety,  containing  89  p.c.  FeCOs,  has  been  called 
mangano9idertU.  (Ba^er). 
Occurs  at  Branch'mle,  Conn.,  containing  16*76  p.c,  FcO  (Penfield). 

Rhodizfte. — According  to  Damour,  rhodizite  of  Rose,  from  the  Ural,  is  an  alkaline  boro- 
alnminate.    Pseudo-isometric  according  to  Bertrand. 

RoGEBSiTE,  J.  L.  Smith. — A  thin  mammillary  crust,  of  a  white  color,  on  samarskite.  A 
hydrous  columbate  of  yttrium,  etc.,  exact  composition  undetermined.    Mitchell  Co.,  N.  C. 

RoscoELTTE,  p.  867. — A  silicate,  according  to  recent  analyses  by  Genth,  having  the  for- 
mula K(Mg,FeXAlt,ys)aSii,Oss  +  4  aq ;  abo  (Hanks)  from  Big  ikd  Ravine,  near  Suttei^s 
Mill,  Cal. 

RosEUTE.  p.  S72. — True  composition  RsAsiOs  +  3  aq  (Winkler),  hence  analogous  to  faii^ 
fieldite,  p.  426. 

RuBiSLTTE,  Heddle. — An  uncertain  chloritic  substance  from  the  granite  of  Rnbislaw,  near 
Aberdeen,  Scotland. 

Rdtile,  p.  276. — Pseudo-tetragonal  according  to  the  view  of  Mallard  (see  p.  186). 
Occurs  in  splendent  crystals  in  Alexander  Co.,  N.  C  (Hidden). 

Sahabskite^  p.  861. — The  North  Carolina  mineral  has  been  shown  to  contain  erbium,  ter- 
bium, phillipmm,  decipium  (Delafontaine,  Marignac).  A  supposed  new  element,  mosan- 
drum.  was  also  announced  by  Smith.  VietingnoJUe  is  a  ferruginous  variety  from  Lake 
Baikal,  in  the  UraL 

Sabawakite,  Frenzel. — Occurs  in  minute  crystals  in  the  native  antimony  of  Borneo; 
perhaps  senarmontite. 

ScAPOLiTE,  p.  817. — The  scapolites  have  been  shown  by  Adams  to  contain  chlorine  (up  to 
2'^  p.  c.)  when  quite  unalterea.  The  analyses  of  Nemmar,  Sip3cz,  and  Becke  prove  the 
same. 

OfUarioliie  (Shepard)  is  a  variety  occurring  in  limestone  at  Galway,  Ontario,  Canada. 

Sghkeebebgite,  Brezina. — In  isometric  octahedrons  of  a  honey-yellow  color  from  Schnee- 
berg,  Tyrol.     Contains  lime  and  antimony,  but  exact  composition  unknown. 

ScHOBLOMTTE,  p.  887.  — The  socalled  schorlomite  of  the  Kaiserstuhl  is,  according  to  Knop. 
either  a  titaniferous  melanite  or  pyroxene. 
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Semsetite,  Krenner.— stated  to  be  related  to  plagionite ;  from  FelsObanya.    Kot  jei 
described. 

SENARMONTTrB,  p.  284.  —  Pseudo-isometric  according  to  Mallard  (p.  186).     Qroase-Bohle, 
who  has  inTestigated  the  subject,  suggests  the  same  for  arsenolite. 

Sepioltte,  p.  849. — Chester  has  analyzed  a  fibrous  variety  from  Utah. 

Sebpentute,  p.  850. — Schrauf  (Z.  Kryst.,  vi..  821)  has  studied  the  magnesia  silicates  from 
the  serpentine  region  near  Budweis,  Southern  Bohemia.  He  introduces  the  following  new 
names  :  Kelyphite,  a  serpentinous  coating  of  altered  crystals  of  pyrope  ;  JSnophite,  a  chloritic 
variety  of  serpentine  ;  Lernilite  (wrong  orthography  for  lenml'ite)  in  composition  near  the 
vermiculite  of  Lennl  (Cooke),  hence  name  ;  SUietophite,  a  hetero^neous  substance  high  in 
silica ;  Hydrohiotiie  (same  name  used  by  Lewis)  a  hydrated  biotite ;  BerlauUe,  a  chloritic 
substance  filling  cavities  between  the  granite  and  serpentine  ;  SchuehardHle,  the  so-called 
chrysopraserde  from  Qlfisendorf,  Silesia.  He  also  uses  the  general  name  parachlorite  for 
substances  conforming  to  mAl»SisOis  +  nR^SiOi  +  paq,  and  protochlorite  for  those  corre- 
sponding to  mAlaSiOft  4-  n(BaSi04)  +  psq. 

TotaigitB  (Heddle)  is  an  uncertain  serpentinous  mineral,  derived  from  the  deoompositicHi 
of  malacolite.    From  Totaig,  Rosshire,  Scotland. 

Serpiesttb,  Des  Cloizeanx.— Tn  minute  tabular  crystals ;  oHhorhombic.  Color  greenish. 
Stated  to  be  a  basic  sulphate  of  copper  (Damour).    From  Laurium,  Greece. 

Stdekazot,  Silvestri.— Iron  nitride,  a  coating  on  lava  at  Etna. 

Sidekonatrite,  Raimondi.  Sid^ronatritet  from  Huantajaya,  Peru,  and  urusUs  (Frenzel) 
from  the  island  Tschleken,  Caspian  Sea,  are  hydrous  sulpfaiates  of  iron  and  sodium,  near 
each  other  and  related  to  the  doubtful  bartholomite. 

Siptute.  Mallet. — Tetragonal,  in  octahedrons.  Form  near  that  of  fergusonite.  Cleav- 
age octahedral ;  usually  massive,  crystalline.  H  =  6.  G.  =  4*89.  Color  brownish  black  to 
brownish  orange.  Essentially  a  columbate  of  erbium,  cerium,  lanthanum,  didymium. 
uranium,  etc.     With  allanite  on  the  Little  Friar  Mt.,  Amherst  Co.,  Va. 

Smaltite,  p.  245. — Occurs  near  Gothic,  Gunnison  County,  Colorado. 

Sphjs&ogobaltitb,  Weisbach.— In  small  spherical  masses,  concentric,  radiated.  Color 
within  rose-red.  H.  =  4  G.  =  402-4-13.  Composition  CoCOs.  With  roeelite  at 
Schneeberg,  Saxony. 

Spodiosite,  Tiberg. — In  flattened  prismatic  crystals.  A  calcium  phosphate,  and  per- 
haps pseudomorphous.     From  the  Krangrufra,  Wermland,  Sweden. 

Sphalerite,  p.  237. — The  sphalerite  from  the  Pierrefitte  mine,  Valine  Argeles,  Pyrenees, 
contains  gallium  (L.  de  Boisoaudran),  and  various  American  (Cornwall)  and  Norwegian 
(Wleugel)  varieties  afford  indium. 

Spodumene,  p.  295. — The  true  composition  is  expressed  by  the  formula  LisAUSiiOis,  as 
proved  by  numerous  recent  analyses. 

Occurs  in  small  prismatic  crystals  of  a  deep  emerald  green  to  yellowish  green  color,  with 
beryl  (emerald),  rutile,  monazite,  etc.,  in  Alexander  Co.,  N.  C.  This  variety,  whi<^  has 
been  extensively  introduced  as  a  gem,  was  called  hiddeniie  by  J.  L.  Smith,  after  W.  K 
Hidden. 

The  alteration  products  of  the  spodumene  of  Chesterfield  and  Goshen,  Mass.,  have  been 
described  by  A.  A.  Julien. 

Occurs  in  Immense  crystals  at  Branchville,  Conn.  (Brush  and  Dana).  The  unaltered  miu- 
eral  is  of  an  amethystine  purple  color  and  perfectly  transparent,  but  the  crystals  are  mostly 
altered.  This  alteration  nas  yielded  (1)  a  substance  called  y^-spodumene,  apparently  homo- 
geneous, but  in  fact  an  intimate  mixture  of  albite  and  eucryptite  (q.  v. ,  p.  420) ;  also  cymatolite, 
a  mixture  of  albite  and  muscovite  ;  also  albite  alone;  muscovite  ;  microcline,  ana  kUlinita 
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Staubolitb,  p.  9S6,^Xantholite  (Heddle)  from  near  MiUtown,  Loch  Ness,  Scotland,  is  a 
closely  related  mineral. 

Stbbkbergite,  p.  240. — Argentopyriie,  Argyropyrite  and  Frieaeite  are  varieties,  or  at 
least  closely  related  minerals.  They  are  essentially  identical  in  form,  while  Strong  shows 
that  the  composition  of  the  series  may  be  expr^sed  by  the  general  formula  AgaS  + 

Stibianite,  OcHdmnUh, — A  doubtful  decomposition  product  of  stibnite,  near  stibiconite. 
From  Victoria. 

SnBicoinTE. — Extensive  deposits  of  an  antimony  oxide,  near  stibiconite,  occur  at  Sonora, 
Mexico.    The  ore  carries  silver  chloride. 

Stibnite,  p.  282.— Occurs  with  other  antimony  minerals  in  Sevier  Co.,  Arkansas.  In 
groups  of  large  splendent  crystals  on  an  island  in  western  Japan. 

Stilbite,  p.  346. —  Monoclinic,  and  Isomorphous  with  harmotome  and  phUlipsite 
(v.  Lasaulx). 

Strenoite,  Nies. — Orthorhombic,  and  isomorphous  with  scorndite.  Generally  in  spherical 
and  botryoidal  agnegates.  H.  =8-4.  G.  =  2*87.  Lustre  vitreous.  Color  various 
shades  of  red  to  c<3orless.  Composition  Fe^PaOs  +  4  aq.  From  the  Eleonore  mine  near 
Geiasen,  the  Rothlaiifchen  mine  near  Waldgirmes ;  also  in  cavities  in  the  dufrenite  from 
Rockbridge  Co.,  Va.  (KOnig). 

Stronttakite,  p.  406. — Occurs  at  Hamm,  Westphalia,  sometimes  in  highly  modified 
pseudo-hexagonal  crystals,  resembling  common  forms  of  aragonite  (Laspeyres). 

Stutzitb,  Schrauf. — A  silver  tellcride,  occurring  in  peeudo-hexigonal  crystals  of  a  lead 
gray  color.    Named  from  a  single  specimen  probably  from  Napyag. 

SzABOiTB,  Koch. — In  minute  triclinic  crystals,  near  rhodonite  in  form.  H.  =  6-7.  G. 
=  3*505.  Lustre  vitreous :  sometimes  tendmg  to  metallic  and  pearly.  Color  hair  brown  ; 
in  very  thin  translucent  crystals  brownish  red.  A  silicate  of  calcium  and  iron  (RSiOa)  re- 
lated to  babingtonite.  Occurs  with  pseudobrookite  in  the  andesite  of  the  Aranyer  IBerg, 
Transylvania;  Mt.  Calvario,  Etna  ;  Riveau  Grand,  Monte  Dore. 

SzMiKiTE,  V.  SchrOckiuger. — Amorphous,  stalactitic.  Color  whitish  to  reddish.  Com- 
position MnSOi  ^  HflO.     FelsObanya,  Transylvania. 

Talktriplite  (IgelstrOm). — A  phosphate  of  iron,  manganese,  magnesium  and  calcium  ; 
probttblv  a  triplite  remarkable  as  containing  MgO  (17*^  p.c.)  and  CaO  (14-01).  From 
HorrsjGDerg  in  Wermland,  Sweden. 

Tantalite,  p.  850. — Occurs  in  North  Carolina;  in  Coosa  Co.,  Ala. 

Jdanganiantaliie  (NordenskiGld)isamanganesian  variety  (9  p.c.  MnO)  from  UtO,  Sweden. 

Tabapacaite,  Raimondi. — A  supposed  potassium  chromate,  occurring  in  bright  yellow 
fragments  in  the  midst  of  the  soda  nitre  from  Tarapaca,  Peru. 

Taznite,  Domeyko. — Regarded  as  an  arsenio-antimonate  of  bismuth,  but  probably  a 
heterogeneous  substance. 

Tellubite. — The  tellurium  oxide  (TeOa)  occurs  in  minute  prismatic,  yellow  to  white 
crystals,  imbedded  in  native  tellurium  ;  also  incrusting.  Keystone,  Smuggler  and  John 
Jay  mines  in  Colorado. 

Tellubiuh,  p.  227. — An  impure  variety  from  the  Mountain  Lion  mine,  Colorado,  has 
been  called  uonite. 
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Tbnnantite,  p.  256. — FredricUe  (H.  Sjogren)  is  a  variety  from  Fain,  Sweden,  oon« 
taininglead  (8  p.c)*  tin  (1*4  p.c.)  and  silver  (2 '9  p.c). 

Tenobite,  p«  267. — Made  tridinic,  on  optical  grounds,  by  Kalkowsky. 

Tequesquite. — A  corruption  of  tequixquitl,  a  name  used  in  Mexico  to  designate  a  mix- 
ture of  different  salts. 

Tetkahedbite,  p.  255. — Occurs  near  Central  City,  Gilpin  Co.,  Colorado,  in  crystals 
coating  chalcopyrite  in  parallel  position.  Also  at  Newburyport,  Mass. ;  in  Arizona  (16*23 
p.c.  PbJ. 

Frigvdite  (D'Achiardi)  is  a  variety  with  12 '7  p.c.  Pe,  etc.,  from  the  Valle  del  Frigido, 
Apuan  Alps. 

Thaumasite,  NordenakiSld. — Massive,  compact.  H.  =  3 '5.  G.  =  1"877.  Color  white. 
Lustre  greasy,  dull.  Composition  deduced  CaSiOs  +  CaCO«  +  CaS04  H- 14  aq,  but  it  is 
very  doubtful  whether  the  material  analyzed  was  homogeneous. 

Thenabditb,  p.  890. — Occurs  in  large  deposits  on  the  Rio  Verde,  Arizona  (Sill i man). 

Thomsenoutb,  p.  265. — ^According  to  Klein  and,  later,  Brandl  and  Groth,  thomsenolite 
and  pachnolite  are  distinct  minerals.  Thomsenolite  is  monoclinic,  /C^  =  89°  37^',  and  c 
(vert.)  :h:d  —  1*0877 : 1  :  09959,  and  has  the  composition  (Na  -H  Ca)F,  H-  AljP,  -+-  H,0. 
PaehiwUte  is  monoclinic,^  =  89"  40',  c  (vert.)  ib:  d  =  1*5320: 1  : 1  626,  and  has  the  compo- 
sition (Na  +  Ca)Fa  4-  AlaF«.  Pachnolite  is  a  cryolite  with  two  sodium  atoms  replaced  by 
one  calcium  atom,  and  thomsenolite  is  the  same,  with  also  one  molecule  of  water. 

Thomsonite,  p.  342.— Occurs  in  amvgdules  in  the  diabase  of  Grand  Marais,  liake  Supe- 
rior ;  also  in  polished  pebbles  on  the  lake  shore.  The  pebbles  are  sometimes  opaque  white, 
like  porcelain  ;  sometimes  green  in  color  and  granular  (variety  called  lintonite)  ;  some- 
times with  fibrous  radiated  structure,  of  various  colors,  and  of  great  beauty.  The  last  are 
valued  as  ornaments. 

Teunolite. — Calcium  carbonate,  forming  large  tufa-like  deposits  in  Nevada,  a  shore 
formation  of  the  former  Lake  Lahontan.  Regarded  by  King  as  pseudomorph  after  gay- 
lussite,  but  this  is  doubtful. 

Thobftb,  p.  340. — A  variety  of  thorite  is  called  uranothorite  by  Collier  ;  it  contains 
9*96  UaOj.  Massive.  G.  =  4*126.  Color  dark  red-brown.  From  the  Champlain  iron 
region,  N.  Y. 

Tftanitb,  p.  335.— Occurs,  often  in  enormous  crystals  or  groui)8  of  crystals,  at  Renfrew, 
Canada,  with  zircon  (twins),  apatite  andamphibole. 

AUhedite  (Blomstrand)  is  a  variety  from  Smaland,  Sweden,  containiiig'2'8  p.c.  YO. 

Titanomorphite  is  a  name  given  by  v.  Lasaulx  to  a  part  of  the  white  granular  aggregates 
surrounding  rutile  and  menaccanite,  and  derived  from  their  alteration.  It  is  a  calcium  tita- 
nate,  according  to  Bettendorff's  analysis,  but  Cathrein  (Z.  Kryst.,  vi.,  244)  shows  that  it  is 
really  a  variety  of  titanite.  Leucoxene  is  a  name  earlier  (1874)  given  by  Gllmbel  for  a 
similar  substance  of  doubtful  chemical  nature  often  observed  in  rocks  ;  according  to 
Cathrein  it  is  a  titanite  with  or  without  a  mixture  of  rutile  microlites. 

Topaz,  p.  833. — Pseudo-orthorhombic  (monoclinic),  according  to  the  view  of  Mallard 
(see  p.  186). 
Occurs  near  Pike's  Peak,  El  Paso  Co.,  Colorado,  and  at  Stoneham,  Maine. 

Tobbanite,  p.  41S.^WoUongongite  (p.  416)  is  referred  to  torbanite  by  Liversidge  ;  it  is 
from  Hartley,  Now  South  Wales,  not  Wollongong,  so  that  the  name  is  inappropriate. 

TouBM ALINE,  p.  829.~Pseudo-rhombohedral,   according  to  the  view  of  Mallard  (see 
p.  186). 
Occurs  in  white,  nearly  colorless  crystals,  at  De  Kalb,  St.  Lawrence  Co.,  N.  Y. 
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Tbidymtte,  p.  288. — Pseudo-hexagonal  (triclinic),  according  to  Schuster  and  also  t. 
Lasaulz.     Asmanite  is  probably  identical  with  it. 

Hautefeuille  has  made  it  artificiallj;  and  it  has  been  observed  with  zinc  spinel  as  a  result 
of  the  alteration  of  zinc  muffles, 

Triphylitb,  p.  369.— The  composition  (Penfield)  is  LiPePO*  =  LiaPO*  -h  FeaP.Oa,  with 
the  iron  replaced  bj  manganese  in  part. 

LUhiopkUUe  (Brush  and  Dana)  is  a  variety  almost  free  from  iron  (down  to  4  p.c),  and 
corresponding  to  the  formula  LlMnPO^  =  LiaP04  -h  MnaPiOb.  Massive,  cleavaole  (0. 7, 
*-i).  Color  ndmon, — honey  yellow,  yellowish  brown,  light  clove  brown.  Occurs  with  other 
manganesian  phosphates  in  pegmatite,  at  Branch ville,  Fairfield  Co.,  Conn. 

Teiploiditb  (G.  J.  Brush  and  E.  S.  Dana). — Monoclinic,  near  wagnerite  in  form.  Gen- 
erally in  fibrous  crystalline  aggregates.  H.  =  4*5-5.  G.  =  8*697.  Lustre  vitreous  to 
greasy  adamantine.  Color  yellowish  to  reddish  brown,  topaz  yellow,  hvacinth  red.  Trans- 
parent. Composition  RsPsOs  4-  R(OH)a.  with  R  =  Mn  :  Fe  =  8 :  1 ;  hence  analogous  to 
triplite,  but  with  (OH)  replacine^  F.  With  other  manganesian  phosphates  (eosphorite, 
lithiophilite,  etc.)  from  Branchvifle,  Conn. 

Tbippkeite,  Damour  and  vom  Rath. — In  small  brilliant  crystals,  tetragonal.  Color 
bluish  green.  Stated  to  be  a  hydrous  arsenito  of  copper.  With  olivenito  in  cuprite  from 
Copiapo,  ChilL 

Ttsonite,  Allen  and  Comstock. — Hexagonal.  Cleavage  basal.  H.  =4*5-5.  G.  =6-18; 
Lustre  vitreous  to  resinous.  Color  pale  wax  yellow.  Composition  (Ce,La,Di)aFe.  From 
near  Pike's  Peak,  Colorado.  The  crystals  are  mostly  altered  to  hastndsite  (also  caUed 
hamartite),  which  is  a  fluo-carbonate,  near  parisite. 

Ubandote,  p  274.-— Occurs  in  brilliant  black  octahedral  crystals  at  Branch ville.  Conn. 
G  =  9-25.  Analysis:  UOa  4008.  UO,  54  51,  PbO  4  27,  FeO  0*49,  HaO  0*88  =  100-28. 
Also  from  Mitchell  Co.,  N.  C. ;  mostly  altered  to  gummite. 

Ubanocircite,  Weisbach.— Orthorhombic,  like  autunite.  Cleavage  basal  perfect.  G.  = 
3-53.  Color  yellow  green.  Composition  BaUsPaOn  +  8  aq.  In  quartz  veins,  Saxon 
Yoightland. 


Urakothalijte,  Schrauf  (Z.  Kryst.,  vi.,  410). — A  uranium  carbonate  from  Joachims- 
lal,  originally  mentioned  by  Vogl.    Occurs  in  confm   "■  ''      '  — ^i-—!-      i-^ 

tals.    Calculated  formula  UC.O.  +  2CaC0,  -i-  10  aq. 


Uranotile,  p.  841. — Occurs  in  Mitch^  Co.,  N.  C.  Genth  writes  the  formula, 
Caa(UOa).Si.Oa,  +  18  aq. 

Vanadinite,  p.  867.— Occurs  in  highly  modified  crystals  in  the  State  of  Cordoba,  Ar^n- 
tine  Republic.  Also  in  very  beautiful  ruby-red  crystals  at  the  Hamburg  and  other  mmes 
in  Yuma  Co.,  Arizona  (Silliman;  Blake),  and  in  yellow  to  nearly  white  crystals  at  other 
localities  in  Arizona. 

Vabisote.— The  so-called  peganite  from  Mont^merv  Co.,  Ark.,  is  shown  by  Chester  to 
be  identical  with  Breithaupt's  variscite.    Composition  AlaPaO^  +  4  aq. 

Ykmekite,  Hunt.— An  impure  chloritic  mineral  containing  copper  ;  mined  as  copper  ore 
at  Jones'  mine,  near  Springfield,  Berks  Co.,  Penn. 

Vermiculitb,  p.  Sr}S.—Protovermiculite  (KOnig)  and  pMladelphite  (Lewis)  are  minerals 
related  to  the  other  **  vermiculites,"  the  whole  group  being  decomposition  products  of  other 
micas. 

Vesbikb,  Scacchi.— Forms  thin  yellow  crusts  on  lava  of  1681,  Vesuvius  ;  supposed  to 
contain  a  new  element,  vesbium. 
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Vesuvianite,  p.  405.— Pseudo-tetragonal,  according  to  the  view  of  Mallatd  (see  p.  1M> 
A  variety  from  Jordansmtlhl  contains  3  p.c.  MnO  (manganidociase). 

Veszelyttb,  p.  373. — Composition,  according  to  Schrauf,  2(Zn,Cu)sA8aOB+9(Zn«Ca)Hs09 
H-  9  aq,  with  Cu  ;  Zn  =  8 :  2,  and  As  :  P  =  1  :  1. 

Wad,  p.  283. — LepidopJuBite  (Weisbach)  is  a  related  mineral  from  Kamsdorf,  Thniingia. 
Composition  stated  to  be  CuMueOn  +  9  aq. 

Wagxeritk,  p.  868. — Kjerulfine  has  been  shown  to  be  identical  with  wagnerite  in 
form  and  compoeition  ;  often  partially  altered. 

Walpuboitc,  p.  879. — Triclinic  (psendo-monoclinic),  according  to  Weisbach. 

WATTEviLLrTE,  Singer. — In  minute  acicular  snow-white  crystals.  A  hydrous  sulphate 
of  calcium,  sodium,  potassium,  etc  Formed  from  the  decomposition  of  pyrite  at  the 
Bauersberg,  near  Biscnofsheim  vor  der  KhOn. 

WuLPENiTE,  p.  384. — Occurs  in  fine  crystals  in  the  Eureka  district,  Nevada ;  also  in 
Yuma  Co.,  Arizona,  sometimes  in  simple  octahedral  crystals  (Silliman). 

Xanthophyllite,  p.  858. — ^Waluewite  (v.  Eokscharof)  is  a  well  crystallized  variety  from 
Achmatovsk,  Ural. 

Xenotime,  p.  864— Occurs  compounded  with  zircon  in  Burke  Co.,  N.  (!.  (Hidden). 

YouNorrE,  Hannay. — Described  as  a  sulphide  of  lead,  zinc,  iron  and  manganese,  but 
doubtless  a  mixture. 

ZiNCALUsciNiTE,  Bortraud  and  Damour.— In  thin  hexagonal  plates,  minute.  H.  =2'5-d. 
G.  =  226.  (Composition  2ZnS04  +  4ZnH908  +  SAlaHsOs  +  6  aq.  From  the  zinc  mines  of 
Laurium,  Greece. 

ZmcoN,  p.  804. — Occurs  in  fine  twin  crystals  (1-t,  like  rutile  and  cassiterite)  with  titanite 
and  apatite,  in  Renfrew  Co.,  Canada  (Hidden).  A\ao  with  astrophyllite  and  arfvedsonite  in 
El  Paso  Co. ,  Colorado. 

Pseudo-tetragonal,  according  to  the  view  of  Mallard  (see  p.  186). 

Beccarite  (Grattarola)  is  a  variety  from  Ceylon. 
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BTNOPSTS  OF  MILLER'S  SYSTEM  OF  CRYSTALLOGRAPHY. 


Trb  followmfr  P&g^  oontam  a  oonoise  presentation  of  the  System  of  GiyBtallography  pro* 
poeed  by  Prof.  W.  H.  Miller  in  1839,  and  now  employed  by  a  laige  proportion  of  the  worken 
in  Mineralogy.  The  attempt  has  been  made  to  present  the  subject  briefly,  and  yet  with  sofA- 
dent  fulness  to  enable  any  one  having  some  previous  knowledge  of  Crystallography  not  only 
to  understand  the  System,  but  also  to  use  it  himself.  For  the  full  development  of  the  subject, 
especially  of  its  theorotical  side,  reference  must  be  made  to  the  works  of  Miller,  Grailioh, 
von  Lang,  Schranf  and  Bauerman  (see  the  Introduction),  as  also  to  the  admirable  Lectures 
of  Prof .  Maskelyne,  printed  in  the  Chemical  News  for  1873  (vol.  xxxl,  8,  13,  24,63, 101, 
111,  121,  153,  200,  282). 


Genebal  Pbinciflbb. 

The  indices  af  Miller  and  their  relation  to  those  of  Naumanfk—The  position  of  a  plane  ABO 
(t  761)  is  determined  when  the  distances  OA,  OB,  00  are  known,  which  it  oats  off  in  the 

751 


•Momed  axes  X,  T,  Z  from  their  point  of  intersection  O.  The  lengths  of  these  axes  for  a 
•ingle  plane  of  a  crystal  being  taken  as  units,  thus  OA  =  a,  OB  =  5,  00  -:=  r,  it  is  found  that  the 
lengths  of  the  corresponding  lines  OH,  0K«  OL  for  any  other  plane,  HKL,  of  the  same  atj^ 
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tal  always  bear  some  simple  relation,  expreesed  in  whole  nnmbers,  to  these  assumed  unifas 
This  relation  may  be  expressed  as  follows : 


OH 
or  in  the  more  oommon  form 


z=h 


h 


OH 


OK 


-* 


OL 


=  ^ 


JL  -*-  -  JL  JL-1 

k'  OK"  I   *  0L"~ 


(1) 


The  numbers  represented  by  h,  ky  I  are  called  the  indices  of  the  plane  and  determine  its 
position,  when  the  dements  of  the  crystal — the  lengths  and  mutual  inclinations  of  the  axes — 
•re  known.  When  the  lines  are  taken  in  the  opposite  direction  from  O,  they  are  called  nega- 
tive ;  the  corresponding  negative  character  of  the  indices  is  indicated  by  the  minus  sign 
placed  <70€r  the  index,  thus,  n^  ^,  or  7.  When  the  unit,  or  fundamental  form,  is  appropn'at^y 
ohosen,  the  numbers  representing  A,  k,  I  seldom  exceed  six. 

The  above  relation  may  also  be  written  in  the  form : 


OH 


OK 


=  r 


=  n 


OL 


=  m. 


Here  r,  n,  m,  which  are  obviously  the  redproeala  of  the  indices  A,  k^  I  respectively,  are 
essentially  identical  with  the  symbols  of  Naumann.  For  example,  if  A  =  3,  A;  =  2,  ^  =  2, 
then  r  =  ^,  n  =r  ^,  f/i  =  i,  and  the  symbol  (322)  of  Miller  becomes  ^  :  ^b  :  ic;  but  by  Nau- 
mannas  usage  this  is  so  transformed  that  r  =  1,  and  »  >  1  (or  sometimes  n  =  1,  and  r  >  1), 
in  other  words,  by  multiplying  through  by  3,  in  this  case,  the  symbol  takes  the  form  a  :  ^b  : 
}«,*  or,  as  abbreviated,  i-'i  (f  Pf).  The  symbol  a  :  ^b  :  ^c  properly  belongs  to  the  plane  KI^ 
(f.  751),  which  is  parallel  to,  and  hence  crystallographically  identical  (p.  11)  with  the  pbuie 
HKL. 

Special  tcHues  of  the  indices  A,  k^L  It  is  obvious  that  several  distinct  cases  are  possible : 
(1)  The  three  indices  A,  A;,  I  are  all  greater  than  unity,  then  including  the  various  pyramids! 

planes.     The  number  of  similar  planes  corresponding  to  the  general  form  ]  hM  [  depends 

upon  the  degree  of  symmetry  of  the  crystalline  system,  and  upon  the  special  values  of  A,  A^  ( 
e.g.,  A  =  A;,  eta     These  cases  are  considered  later  in  their  proper  place. 

(2)  One  of  the  three  indices  may  be  equal  to  zero,  indicating  then  that  the  plane  is  parallel 
to  the  axis  corresponding  to  this  index.  Thus  the  symbol  {hkX)),  =  a:n^:Qoc,  ot  rut  i  b  i  :x3  c 
(p.  11),  belongs  to  the  planes  parallel  to  the  vertical  axis  r,  as  shown  in  f.  752.  They  are 
CMJled  prismatic  planes.  The  aymbol  (A02),  =  a  :  ao6  :  mc  (p.  11)  belongs  to  the  planes  paiw 
allel  to  the  axis  £,  as  in  1  753.  The  symbol  (0^2),  :=  oo  a  :  6  :  md,  belongs  to  the  planes  parallel 
to  the  axis  a,  f .  754. 


752 


753 


764 


755 


(8)  Two  of  the  indices  may  be  zero,  the  symbol  {hid)  then  becomes  (001),  =  ooa  :  x>5  :  d, 
the  basal  plane,  f.  755 ;  (010),  =  ooa  :  b  :  <x>e\  and  (100),  =  a  x  qo&  :  xe.  These  are  tb« 
three  diametral  or  pinacoid  planes. 

The  symbol  (010)  represents  the  cUnopinacoid  (i-i)  of  theMonoclinic  system,  and  (following 
Groth)  the  brachypifiacoid  (t-J)  of  the  Orthorhombic.     Similarly  (WW)  belongs  to  the  ortho- 


*  The  symbol  is  written  here  in  this  order  to  correspond  with  the  ih  kl)  of  Miller ;  on 
page  10,  and  subsequently,  the  reverse  order  ie  :  ib  :  a  was  adopted  for  the  sake  of  urn- 
fonnity  with  Naumann's  abbreviated  i^ymbols. 
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domes  of  the  Monoclinic,  and  the  macrodamea  of  the  Orthorhombic  system ;  also  (Okl) 
belongs  to  the  clinodomes  of  the  former,  and  the  brachydomes  of  the  latter.    See  also  p.  457. 

Sjpherieal  Prqfeotian. — ^If  the  centre  of  a  ozystal,  that  is,  the  point  of  interseotlon  of  ihe^ 
three  axes,  be  taken  as  the  centre  of  a 
sphere,  and  normals  be  drawn  from  it  to 
the  snooessive  planes  of  the  crystals,  the 
points,  where  they  meet  the  surface  of  the 
sphere,  will  be  the  poiiis  of  the  respectiTe 
planes.  For  example,  in  f.  756  the  com- 
mon centre  of  the  crystal  and  sphere  is  at  O, 
tJie  normal  to  the  plane  b  meets  the  surface 
of  the  sphere  at  B,  of  b'  at  B',  of  d  and  e 
at  D  and  E  respectively,  and  so  on.  These 
poles  OTldently  determine  the  pofdtion  of 
the  plane  in  each  case. 

It  is  obvious  that  the  pole  of  the  plane  b' 
(010)  opposite  b  (010),  will  be  at  the  oppo- 
site extremity  of  the  diameter  of  the  sphere, 
and  so  in  general,  (120)  and  (120),  etc.  It  is 
seen  also  tSat  all  the  poles,  or  normal  points, 
of  planes  in  the  same  a/ne^  that  is,  planes 
whose  intersection-lines  are  parallel,  are  in 
the  same  great  circle,  for  instance  the 
planes  6  (010),  d  (110),  a  (100),  o  (110),  and 
so  on. 

It  is  customary*  in  the  use  of  the  sphere 
ro  regard  it  as  projected  upon  a  horizontal 
plane,  usually  that  normal  to  the  prismatic 
aone,  so  that,  as  in  f .  759,  the  prismatic  planes  lie  in  the  circumference  of  the  circle,  and  the 
other  planes  within  it.  The  eye  being  supposed  to  be  situated  at  the  opposite  extremity  of 
the  diameter  of  the  sphere  normal  to  this  plane,  the  great  circles  then  appear  either  as  arcs 
of  circles,  or  as  straight  lines,  i.0.,  diameters. 

It  will  be  further  obvious  from  f.  756  that  the  arc  BD,  between  the  poles  of  6  and  d^  mea 
tores  an  angle  at  the  centre  (BOD),  which  is  the  supplement  of  the  actual  interior  angle  bnd 
between  the  two  planes.  TMs  fact,  that  the  arc  of  a  great  circle  intercepted  between  ths 
poles  of  two  planes  always  gives  the  supplement  of  the  actual  angle  between  the  planes  them- 
selves, is  most  important,  and  does  much  to  facilitate  the  ease  of  calculation.  In  consequence 
of  this,  it  is  customary  with  many  crystaliographers  to  give  for  the  angle  between  two  planes, 
not  the  interfacial  angle,  but  that  between  their  norm&. 

It  is  one  of  the  great  advantages  of  this  method  of  projection  that  it  may  be  employed  to 
show  not  only  the  relative  positions  of  the  planes,  bat  also  those  of  the  optic  axes,  and  the 
axes  of  elasticity. 

BekUton  between  the  indtees  of  a  plane  and  the  angle  made  by  it  wit/i  Vie  axes  — When  the 
assumed  axes  are  at  right  angles  to  each  other  they  coincide 
with  the  normals  to  the  pinacoid  planes  (001,  010,  100).  and 
consequently  meet  the  spherical  surface  at  their  poles.  When 
the  axial  angles  are  not  90°,  this  is  no  longer  true.  In  all 
cases,  however,  the  following  relation  holds  good  between 
the  cosines  of  the  angles  made  by  a  plane  with  the  axes : 


=  008  FY 


OL 


=  oosPZ. 


But  from  the  equation  (1)  before  given,  by  the  introduction 
of  the  values  of  OH,  OK,  OL,  we  obtain : 


<*  •^•w  b  ___  c  ^„ 
-r-  cos  PX  =  -T-  cos  PY  =  -=-  cos  PZ. 
h  k  I 


(3) 


This  equation  is  fundamental,  and  many  of  the  relations  given  beyond  are  deduced  from  it. 
It  will  be  seen  that  in  the  case  of  the  ozthometric  systems  the  angles  PX.  PY,  PZ  are  the 
npptement-anglee  between  any  plane  {Jikl)  and  the  pinacoids  (001),  (010),  (100). 

Jielatkms  between  planee  in  the  same  zone, — By  the  use  of  the  equation  (2),  it  may  be  ihowB 


*  On  the  ooostmction  of  the  spherioal  projection,  see  p.  68b 
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that  if  two  planet  {hk[)  and  (pgr)  lie  in  the  same  zone,  that  the  f  oUowiqg  equation  most  hold 
e^ood: 

oa  008  XQ  +  v^  cos  YQ  +  we  008  ZQ  =  0. 


where 


n  =  At  —  2^,       V  =  ft)  —  Ar,        w  =  A^  —  *p. 


The  letten  n,  t,  w  aze  called  the  symbol  of  the  sone  or  great  cixble  PB.    Bvezy  plane 
n(a^2)  of  lihis  zone  must  satisfy  the  equation : 


uic  +  Ty  4-  w«  =  0 


(3) 


If  now  (nyw)  be  the  STmbol  of  one  zone,  and  (efg)  of  another  intersecting  it,  then  the  point 
of  iutersection  will  be  the  pole  of  a  plane  lying  in  both  zones,  whose  indices  {fiid)  must  satisfy 
two  equations  similar  to  (8).     These  indices  are  equal  to : 


A  =  gr  —  f  w 


A;  =  ew  —  gu 


f  =  f u  —  ev. 


The  application  of  this  principle  Ib  extremely  simple,  and  its  importanoe  cannot  be  over- 
eetimated.     Some  examples  are  added  here,  showing  the  method  of  use. 

Exnijvples  of  the  methods  of  ecUctUaUon  by  zones. — (1)  For  the  zone  of  planes  between  (100) 
and  (001),  the  zone  indices  acen  =  0,  y=— l,w=rO.  They  are  obtained  by  mnltif^oation 
ui  the  manner  indicated  in  the  following  scheme : 


In  general 


h 


I 


In  this  case 


XXX 


0        0       10 

XXX 


u  =  kr  —  Iq ;  Y  =  ip  —  hr;  w  =  hg  —  kp. 


u  =  0;  v  =  l;  w  =  0. 


Consequently  eveiy  plane  {hki)  in  the  zone  named  must  answer  the  condition :  nA  4-  TiC 
H  •  w2  =  0,  that  is,  in  this  case  A;  =  0.    The  general  i^ymbol  is  consequently  (AOQ.     Compare 

f  759. 

0        0        10        0 

(2)  For  the  zone  (001),  (010),  in  a  similar  manner:  \^  \^  \f 

0        10       0        1 

n  =  T,  y  =  0,  w  =  0,  and  the  equation  of  condition  beoomes  A  =  0,  and  the  general  aym' 
bol  is  {Okj.    Compare  1  759. 
(8)  For  the  pzismatio  zone  between  (100)  and  (010),  the  general  ^mbd  will  be  found  to  bs 

(AAK)).     Compare  f.  759. 
(4)  For  the  pyramidal  zone  between  the  basal  plane  (001)  and 

0       0        10       0 

the  unit  prism  (110),  we  have  the  scheme :  y^  y^  ^^ 

110        11 

Hence  u  =  l,  y  =  l,w  =  0,  and  the  equation  of  condition  be- 
oomes A  =  k,  and  hence  the  general  symbol  is  AAZ  for  the  unit  pyra* 
mida. 

For  a  plane  lying  at  once  in  two  cones,  for  instance  the  plane 
lettered  2-2  in  f.  758,  lying  in  the  zone  i,  2-2,  1-i,  and  in  the  zone 
H  8-8,  2-5,  1,  l-l.     The  indices,  uvw,  for  the  first  zone  1-J  (Oil), 

7(110),  are,  obtained  as  above,  u  =  i,  v  =  1,  w  =  1.  Again,  for 
the  zone  between  i-t  (OlU),  l-l  (lol),  the  zone  indices,  efg,  are, 

e  =  i,  f  =  0,  g  =  1.  The  indices  {hkl),  for  the  plane  (2-2;  lying  in 
both  these  zones,  and  hence  answering  to  two  equations  of  con- 
dition, are  obtained  by  multiplication  in  a  scheme  exactly  like  that 
already  given,  viz. : 


a 


It 


In  general        uvw 


u 


In  this  case 


.XXX 


e 


1      i      i      1 

XXX 


g 


0 


T 


A  =  gv  —  f w ;  A;  =  ew  —  gu  ;  Z  =  f u  —  ev. 
The  plane  has  consequently  the  symbol  (121). 


A  =  l;  A  =  2;  Z  =  l. 
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indices,  as 


7$9 


For  the  zone  of  plan^,  lettered  on  the  figure  (f.  758)  »-t,  8-8,  2-2,  etc.,  the 
already  shown,  are  e  =  1,  f  =  U,  g  =  1 » 
and  consequently  the  equation  cf  condi- 
tion reduces  to  A  =  /,  and  the  general 
srmbol  is  hkh.  This  zone  is  shown  on 
tne  spherical  projection,  f.  759,  and  in- 
cludes the  planes  010  (i-t),  181  (8-d),  121 
(2-S),  111  (1),  101  (1-i),  and  soon. 

A  second  examp  e  of  the  above  method 
is  afforded  by  the  plane  lettered  2-3  in 
f.  758.  It  lies  in  the  zone  i-f  (100)  to  l-« 
(Oil),  whose  indices,  uvw,  obtained  as  be- 
fore, are,  u  =  0,  v  =  1,  w  =  1.  It  is  also 
in  the  zone  between  7(110)  and  l-{  (101), 

whose  indices,  efff,  are,  e  =  1,  f  =  1,  g  =  1. 
Its  own  symbol  (hkl)  is  deduced  as  above : 

0       i       1       0       i 

XXX. 

1      1      i      1      1 

A  =  2;  k  =  l;  1  =  1, 

The  symbol  is  consequently  (211).  The 
position  of  this  plane  is  shown  on  the 
spherical  projection,  f.  759,  as  also  that  of  the  zone  first  mentioned  above,  whese  indices 
were  u  =  0,  v=  i,w  =  l,  and  for  which  the  equation  (8)  consequently  reduces  to  A:  =  / ; 
the  general  symbol  is  then  {hkk),  the  planes  100  (t-l),  211  (2-2),  111  (1),  Oil  (l-i),  etc.,  belong 
in  this  zone. 

The  example  employed  here  serves  to  show  the  extensive  application  of  this  principle  of 
zones.  Supposing  that  in  this  crystal,  f.  758,  7(110),  and  14  (Oil)  have  been  assumed  as 
fundamental  planes  in  their  respective  zones,  the  symbols  of  all  the  others  may  be  obtained 
in  this  way,  without  the  necessity  of  a  single  measurement ;  the  reflecting  goniometer  would 
indicate  the  presence  of  the  few  necessary  zones  not  shown  by  the  parallel  intersections. 

Methods  of  CalouUition.—la  consequence  of  thawide  application  of  this  method  of  deter- 
mining the  symbols  of  a  plane  by  the  zones  in  which  it  lies,  actual  trigonometrical  oalcula- 
tiona  are  not  very  frequently  required.  The  methods  employed  are  always  those  of  gph^rical 
trigonometry,  and  in  most  cases  no  formulas  are  needed,  the  problems  arising  requiring 
nothing  but  the  solution  of  the  triangles,  mostly  right-angled,  seen  on  the  spherical  projection. 
It  la  to  be  remembered  that  an  arc  of  a  great  circle,  between  two  poles,  shown  in  the  projec- 
tion, is  always  the  supplement  of  the  actual  interf acial  angle  between  the  planes  themselves. 

Some  of  the  more  commonly  used  formulas  for  the  solution  of  spherical  triangles  whiob 
have  been  already  given  on  p.  62,  are,  for  the  sake  of  convenience,  repeated  here. 
In  right-angled  spherical  triangles  0  =  90'',  h  =  Uie  hypothenuse. 

sin  h 


SinA  = 


Ck»A  = 


BinA  = 


sm  a 
sin  A 

tanft 
tanA 

taaa 
sin  b 

oosB 
cos  b 


sin  B  = 


cos  B  = 


tanB  = 


sin  B  =: 


sin  A 

tang 
tan  h 

tanft 
sin  a 


oos  A  =  COB  acoed 
COS  A  =  ootAcot  B 


b  obli<iiiie-«Bgled  spherical  triangles : 


(1)  Sin  A  :  sin  B  =  sin  a  :  sin  ft ; 

(2)  Cos  a  —  COS  b  cos  «  +  sin  ft  sin  «  cos  A ; 
(8)  Cot  ft  sin  0  =  cos  e  cos  A  +  sin  A  cot  B ; 
(4)  OosAs— cosBoosC-t-shiBsinOoQatf. 
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In  oaloolation  lb  Ib  often  more  conTenient  to  use,  instead  of  the  latter  formnlai,  those 
especially  airanged  for  log^thms,  which  will  be  found  in  any  of  the  many  books  dkOTOied 
to  mathematical  formulas. 

In  addition  to  the  mere  solatlon  of  triang^les  on  tho  spherical  projection,  it  is  also  neoessaty 
to  coimect  by  equations  the  actually  measured  angles  with  the  lengths  and  inclinations  of 
axes  of  the  crystals  themselves.  These  equations  ore  griven  in  connection  with  the  different 
systems. 

The  following  relation  between  the  planes  in  the  same  zone  is  also  of  very  wide  appli- 
cation : 
Let  P,  Q,  S,  B  be  the  poles  of  four  planes  in  a  zone  (f.  760),  having  the  following  indioea, 
viz.  :  P  =  i/iki)j  Q  =  (pgr),  B  =  {uvw),  S  =  (xj/z).    The  folowing  relation  mMj 
760  be  deduced  between  them,  on  the  supposition  that  PQ<  PR. 


cot  PS  -  cot  PK  _   (P.Q)       (S.R) 
oot  PQ  -  cot  PB  ~   (Q,B>  '    (P.S)  • 

Here,  (P-Q)  _  ^r-lg __  Ip-hr  _ hg-^kp 

^^  (Q.B)       gto  —  rv      ru—pto     pv  —  gu' 

(8.R)  __  tty  —  gg  _  eu  —  xw  _^W9  —  yu 
(P.S)  ■"  kz-ly"  to-/«  - hy-kx 


(4) 


(5) 


By  means  of  the  above  equation  it  is  possible  to  deduce  the  indices  or  imgle  of  a  fonrth 
plane,  when  those  of  the  thrco  others  are  given.  In  the  application  of  this  principle  it  is 
essential  that  the  planes  should  be  taken  in  the  proper  order,  as  shown  above :  to  aooomplish 
this  it  is  often  necessary  to  use  the  indices  and  corresponding  angles,  not  of  {hkl)^  but  iti 
opposite  plane  (M'7),  etc. 

In  the  orthometric  systems  this  relation  admits  of  being  much  simplified. 

If  one  of  the  above  four  planes  coincides  with  a  pinacoid  plane  (100),  (010),  or  (001 X  and 
another  with  a  plane  in  a  zone  with  a  second  pinacoid  00^  from  the  first,  then  the  follawii^ 
relations  hold  good  for  two  planes  V{hkl)^  and  Q(p^)  in  this  zone : 


h 

p 

tan  PA 
'  tan*QA 

k      I 

h 

P 

_  k 
9 

tanPB     I 
tan  QB ""  r' 

h 

k 

I 

tanPO 

P 

Q 

r 

'  tonQO* 

As  a  further  simplification  of  the  above  equation  for  the  case  of  a  prismatio  plane  (AJbO),  oi 
a  dome  (^02)  or  (OA^),  between  two  pinacoid  planes  OO""  from  ouother,  we  have : 

A  _  tan  (100)  (110),  A  _  tan  (001)  (AOQ ,  k  _  ten  (001)  {Oki) 

k  ~  tan(100)(AA:0)*  /  ""  tan  (001)  (101) '  /       tan  (001)  (Oil)' 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  prismatic 
plane  or  dome.  It  will  be  seen  at  once  that  all  the  above  relations  for  rectangular  zones  are 
essentially  identical  with  those  given  on  p.  59,  though  here  expressed  in  a  clearer  and  more 
oonoiae  form. 

SYffTEltB  OF  CRTBTALLIZATION. 

All  cryst4&ls  are  divided  into  six  classes,  according  to  the  degree  of  symmetry  which  charac- 
terizes them.'  This  symmetry,  as  well  as  the  relations  of  the  different  planes  of  a  oystal,  ii 
shown  in  the  lengths  and  position  of  the  axes  which  are  taken  for  each.  With  refexenoe  to 
their  nzial  relations  crystals  are  divided  into  the  following  six  systems: 

I.  iKfmetric  System. — Three  equal  axes  (a,  a,  a)  at  right  angles  to  one  anotlier. 

II.  Tetragonal  SygUtm.—TMro  equal  lateral  axes  (a,  a),  and  a  third  vertical  axis  (J)  of  no 
eqiuU  length;  all  at  right  anglss. 
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m  Heacoffonal  Sffstetn. — Three  equal  lateral  axes  (a,  a,  a)  crossmg  at  angles  of  60^,  and  a 
fourth  vertical  axis  (^)of  unequal  length,  perpendioaUir  to  l^e  plane  of  the  others. 

lY.  Orthorhambic  ay  stem. — Three  anequal  axes  (c,  b^  a)  at  right  angles  to  each  other. 

V.  MonooUnie  System — Three  unequal  axes  (^,  6,  d's ;  the  angle  between  i  and  6,  aud 
between  b  and  d  =  90**,  but  tho  angle  between  c  and  d  greater  and  less  than  00°. 

VL  ThicUmc  System. — Three  unequal  axes  (6^  5,  d) ;  the  axial  angles  all  obliqii* 

I.  IsoMETBic  System. 

The  symbol  \h}c[\  embracen  all  the  forms  possible  under  each  system  in  the  most  genera] 
case.  Since  in  the  Isometric  System  all  the  axes  are  of  equal  value,  it  obviously  follows 
from  the  symmetry  of  the  system  that  each  one  of  the  indices  may  be  exchanged  for  each  oi 
the  otiiers,  so  that  the  total  number  of  planes  possible  will  be  given  by  all  the  arrangementi 
of  th«  indices  ±h,  ±k^  ±1^  or  as  follows: 


TiM 

hlk 

khl 

Mh 

Wc 

Ikh 

m 

m 

m 

m 

ihk 

Vch 

hJd 

m 

m 

m 

jhk 

M 

m 

Tdk 

m 

m 

Thk 

Ikh 

m 

m 

khi 

m 

M 

Ikh 

m 

m 

m 

m 

UJc 

m 

hki 

m 

m 

m 

Vih 

Jkh 

m 

m 

m 

m 

M 

m 

A.  HMudral  Farms. 

Th(!re  are  seven  oases  possible  among  the  holohedrol  forms  of  this  system,  according  to  the 
valoej  of  A,  k^  I,  These  are  shown  in  the  list  below,  to  which  are  added  the  symbols,  aftei 
Kanmann,  g^ven  on  p.  14,  though,  as  already  explained,  written  in  the  inverse  order.  In  the 
meet  general  case  [hJd]  *  the  form  includes  forty  apht  similar  planes,  and  in  the  moat 
special  case  )100J,  there  are  included  six  similar  planes. 


MiLLEa 

1.  [hkl] 

; h>k>L 

2.  [hkk} ; 

,  h^h 

3.  [/thk] 

;  h>k. 

4.  llli] 

;  /i  =  *  =  i  =  1. 

6.  [MO] ; 

1  =  0. 

6.  [110]  ; 

,  A  =t  A;  =  1 ;  i  =  0. 

7.  [lOOj  ; 

A  =--  1,  A;  =  « =  0. 

Naumank. 

ainaima 

r»»-n]. 

aima  :  ma 

[m-m]. 

a:  a\  ma 

[m]. 

a:  ax  a 

m. 

a  :na:<x>a 

[i-n]. 

a:  a:  coa 

m. 

a  :  coa  :  coa 

[in. 

The  seven  distinct  forms  corresponding  to  these  symbols  are  as  follows,  taken  in  the  same 
order  as  on  pp.  14-20,  where  the  forms  are  described : 

Cvbe  (f.  761).— Symbol  [lOOJ,  including  the  six  planes  (100),  (010),  (lOO),  (OlO),  (001). 
(OOl).     See  also  the  spherical  projection  (f.  7d6). 


761 


762 


763 


764 


765 


[100 


LUl] 


[110] 


[100]  [111] 


[100]  [110]  [111] 


Octahedron  (f.  762J. ^Symbol  [111],  including  the  eight  pUiues  taken  in  order  shown  to 
f.  762,  (111),  (111),  (III),  (111),  (111),  (111),  (111),  (111). 


*In  general  the  indices  of  any  individual  plane  aro  written  {hkt)y  whereas  the  genera] 
symbol  [hkt]  indicates  aU  the  planes  belonging  to  the  form,  varying  in  number  in  the  different 
systems ;  thus,  in  this  system,  [1001  is  the  sreneral  symbol  for  t^  six  sinjlar  planfls  of  tbt 
onbe. 
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Dodeedhednn  (f.  768).— Symbol  [110],  indodinff  the  twelre  planes,  (110),   (IlO),  (llO). 

riiO),  (101),  (Oil),  (101),  (Oil),  (loi),  (Oii),  (ioi),  (Oii). 

The  relations  between  tiiese  three  forms  are  given  in  full  on  pp.  16, 16,  and  need  not  be 
repeated.  lb  is  to  be  noticed  that  the  distance  ^tween  two  contiguons  poles  of  [100]  and 
[110]  is  45''  (see  f.  760) ;  between  those  of  [100]  and  [HI]  it Js  54*"  44'  and  between  (110)  and 
(111)  it  is  85°  16'.  MoreoTer,  the  angle  between  (111)  and  (111)  is  70"^  32%  and  between  (111) 
and  (ill),  100°  28'.  ,        -s  v      y 


766 


767 


[211] 


L311I 


TttragonaLtTisoetahedron  (f.  767,  768).— Symbol  [hkk\,  with  h>ky  comprising  twenfy-fon 
dmUar  planes. 

Trigonai  triaoctaliedron  (f.  769).— Symbol  [7ihJc\^  with  7*  >*,  also  embracing  twenty -fonrbki 
planes. 


769 


771 


772 


[821] 


[210] 


[810] 


[821] 


Te^ahMahedran  (f.  770. 771).— Symbol  \7M\  inclnding  twenty-four  like  planefl.  As  seen  on 
the  spherical  projection  (f.  766),  the  planes  of  the  form  \hkQ\  lie  in  a  zone  with  the  dodecft- 
hedral  planes,  between  two  pinaooid  planes. 

Hexoctdhedron  (f.  772),  [AA:^].— This  is  the  most  general  form  in  the  system,  including  the 
forty-eight  planes  enumerated  on  p.  447.  Their  position  (A  =  8,  A;  =  2,  J  =  1)  is  shown  on 
the  sphericid  projection  (f.  766). 


B.  Bmihedral  Forma. 

There  are  two  kinds  of  hemihedral  forms  observed,  as  shown  on  p.  20:  (1)  iiheJ^mihoiO' 
hsdral,  where  half  the  quadrants  have  the  whole  number  of  planes ;  and  (2)  the  holoh^mihadnA 
where  all  the  quadrants  have  half  the  full  number  of  planes.  The  first  kind  produces  ineUMd 
bemihodrons,  indicated  by  the  symbol  K[hkl],  and  the  second  kind  produces pa9vi&;  nemihe- 
dtons,  indicated  by  the  qrmbol  7r[AAQ.    The  resulting  forms  in  the  several  oases  are  asfoHows 
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Imclihxd  HsMiHEDRiaM. — Tatrahaitivn  (±1).  STinbol  i<{lll].  Tbe  plna  tettahedion 
(f.  77S)  inclndeti  the  four  planes  (111),  (111),  (111),  ^11).  The  minuB  totrahedon  (f.  7741 
tnclQdes  the  planea  (111),  (111),  (111),  (III). 


<[831] 

<i-tn»ottahedroiu — Tbe  Eymbol  Klhkk]  denotes  tbe  eolid  ahown  in  f.  775,  nod  ic[A&t| 
ths  lolid  shown  in  f.  776.  Thej  are  the  hemihedral  forms  of  the  tetragonal  and  trigonal 
triaootahedrons  lespeotively. 

Htmi-hescottaiudrtm. — The  same  Idnd  of  hemibedrism  applied  to  the  hexootahedron  pro- 
ducea  the  form  shown  in  t.  777,  having  the  general  Bjmboi  n[IJci\. 

Inclined  bemihedrism  as  applied  to  the  three  other  solids  of  this  tjeiaia  piodnoes  foims 
in  no  waj  difiecant,  in  ontwanl  appeaionce,  from  the  holohedial  forms. 

Parallel  Hemiubdiubu  prodaoes  distinct,  independent,  fonns  only  In  the  case  of  the 
tetrabeiahedron  end  the  hexoctahedron.  The  symbol  of  tbe  former  is  ';[/iitOJ,  and  of  tb« 
latter,  ir[A£{] ;  Uiey  ore  shown  in  t  778-782. 


Tetartohtdral  forms  of  ssTeral  kinda  ue  poenttle  : 


•[810]  [100]  ir[a21J 

1  thia  ^tem,  but  th^  are  of  Anall 


JlaOiaaatiotl  Bdatioat  of  the  Itomttrie  8j/tUn*. 

(I)  TbedJstanoe  of  the  pole  of  any  plane  P(&U)  from  tbe  cabio(orpinaooid)plaiiesis  given 
by  tho  following  equations.  The«a  are  derived  from  equation  (3),  p.  448.  Here  PX(  =  rA) 
is  tbe  distauoe  between  (UI)  and  (100) ;  P£(=PB)  U  the  distance  between  {hJd)  and  (010) ; 
aLd  FZ(=PC)  that  between  (/lid)  and  (001). 

The  following  eqaatlons  admit  of  maoh  eimpliflcatioa  in  special  cases,  for  (UO),  (li}tk\  eto. 


i*PA  = 


i'  P0  = 
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S  or  the  hemihedral  form  (t  775),  oos  B  = 


A*  +  2A«' 


{b)  Trigonal  trisoetahedron, — The  angles  A  and  0  are,  as  before,  the  aapplemenfa  of  thi 
hiterfacial  angles  of  the  edges  lettered  as  in  f .  709. 

For  the  hemihedralform  (f.  770),  oos  B  =  ^^^l^, 
Tetrahexahedran  (f.  770), 

oos  A  =  rr TV  t    COS  0  =  -rr rj* 

A'  —  A;*  iUfc 

For  the  hemihedral  form  (1  778),  oos  A'  =  rx — =-?  .  cos  0'  = 


/*«  4-  **  •  ^  "'*«  +  *«' 

BBxaetahedron  (1  773). 

««A  =  ,,t  +  *»  +  (.;^B  =  /7Ti^T7^'  "^^  =  77Ti?Tp- 

t 

For  the  hemihedral  form  K[hkl\  (f.  777),  oos  B'  =  — p. 

Foi  irCWfl.  cos  A  =;^.^^^p;  cos  0  ^^^,_^^^p. 

For  planes  lying  in  the  same  zone  the  methods  of  calcnlation  given  on  p.  444  and  p.  446 
ate  made  use  of.  In  manj  cases,  however,  the  simplest  method  of  solution  of  a  given  prob* 
Icm  is  by  means  of  the  spherical  triangles  on  the  projection  (f.  706). 

IL  Tetbagokal  System. 

In  the  Tetragonal  System,  since  the  vertical  axis  6  has  a  different  length  from  the  two 
equal  lateral  axes,  the  index  I,  referring  to  it,  is  never  exchangeable  for  the  otiier  indices,  A  andib. 
T]ie  general  form  [h/d]  consequently  embraces  all  the  planes  which  have  as  their  symbola 
the  different  arrangements  of  ±A,  ±A;,  ±1^  in  which  I  always  holds  the  last  place.  We 
thus  obtain : 


?lkl 

m 

m 

m 

m 

m 

m 

khl 

7ikl 

hJcl 

m 

m 

m 

m 

w 

m 

A.  ncHohedroU  Forms. 

According  to  the  values  of  A,  k,  and  {  in  this  general  form  (A  =0,  A=:A,  eta)»  different 
cases  may  arise.  By  this  means  we  obtain  a  list  of  all  the  possible  distinct  holohodral  fonni 
10  tliis  system.     They  are  analogous  to  those  of  the  Isome^c  System. 


Miller. 

Naumasi^ 

r. 

1.  [7iA?];  A>A. 

ainaime 

[OT-n]. 

2.  [m] ;  h  =  k. 

a :  aimc 

[m]. 

3.  [AOiJ  ;  A  or  A  =  0. 

a  :  coa  :  tm 

[m-fl. 

4.  [fM];  h>k,l  =  0. 

a:na:  coo 

[^»J. 

5.  [IIOJ;  A  =  A  =  l,Z  =  a 

ai  a:  ood 

[/]. 

6.  [lOOJ ;  *  =  0,  « =  0. 

a  :  00  a  :  00  e 

[Ml. 

7.  [001];  A  =  *  =  0. 

aoa  :  ooa  :  e 

:o\. 
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no  fbciBB  annrorlng  to  theM  genenil  emboli  (oompara  f .  790)  hw  u  follom ; 

J9iual  ptaiMt.— SjnLbol  [001].  iualadiiiK  the  ]>laiiea  (OOt)  and  (OOl). 

iVtfnu.— (a)  i>u(TnciniJ  piiam,  or  that  at  the  Mcond  terie*  (t  783).  Bjinbol  [100],  In 
slndiiw  the  (onr  pianos  (100),  (010),  (lOO),  (010). 

(A)  UnU  pnam,  or  priem  rif  the  Jiril  itrit*  (f.  784). — STmbot  [110],  embncnnff  the  foni 
pUneR(liO).  (110),  (110),  (110).     The  reUtion  of  theae  two  prisms  U  shown  on  p.  20. 

[e)  Octagonal  piima{t,  7So). -Symbol  [AjW],  Inclading  the  eight  ptoiiM  (UO),  (MO),  (i/.O), 
(4U)),  (U<)),  (HO).  (iSO),  {hkd). 

OeiaJi^ront  OT  PffnunidM.— There  fire  two  series  of  oetfthedral  planes,  oorretpondine  to  the 
two  sqiure  priams.  (a)  Ootahedttnu  of  the  iteimd,  or  dintMtrai  seriee.  Symbol  [nOI],  in- 
olnding  eight  dmilai  planes.     The  foim  [lOlJ  ia  shown  in  t.  766. 

(b)  Ootabedions  of  theflrtt,  or  vnit  serie*. — Symbol  [Ui],  embraoing  eight  dmilaT  planes; 
Tba  foim  [ill]  ia  shown  in  t  787. 
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The  relatione  of  the  larions  tetragonal  forma  will  be  nndetstood  by  retetenoe  t* 
showing  the  pnjeotion  fur  the  crystal  repieeenled  In  f.  7B9> 

B.  BmSMdfei  FormM.  <; 

Among  the  hemihedral  forms  there  are  to  be  diatangnlahed  three  oIssmb, 
na  shown  cm  p.  23  «t  («?.  I.  8phenoidai  hemihedrona,  ooiresponding  to  the 
iw^finMf  hemihedrons  of  the  isomatrio  syatem.  They  are  indicated  by  the 
symbol  t[AjU].     The  sphenoid  ir[lll!  ia  shown  in  f.  781. 

a.  Pyramidai  hemihedrona,  that  is,  those  which  are  hemiholohednil,  and 
Tortically  direct      These  are  indicated  by  the  eymbol  K[ft«]. 

3,  Trap^oidal  hemihedrona,  heraiholohedral  like  those  jott  mentioniid, 
hot  *ertio»lly  alternate.     They  have  the  symbol  "'[AWJ. 
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Ma/Oumatieal  BdatUnu  of  the  Teiroffonal  Bytiem. 


(1)  The  disfcanoee  of  the  pole  of  any  plane  P(AJU)  fTom  the  pinaoold  planes  100  (=  PA),  OK 
=  PB),  001  (=  PC)  are  given  by  the  following  eqnations: 

These  may  also  be  expressed  in  the  form : 

tan*  PA  =  — =T3—  ;  tan»  PB  =  — rr-j— ;  ton*  PC  =  — ^-r—. 
(9>  For  the  distance  between  the  poles  of  any  two  planes  (/<iU),  (p^)»  we  have  in  genenl : 

The  abore  equations  take  a  simpler  form  for  special  cases  often  ooconing. 

(3)  Planes  in  the  same  zone. — For  the  general  case  of  planes  (hki)    and   {pqr)  the  re 
lation  given  in  equation  4  (p.  446)  is  made  use  of.      In  the  special  cases,  practically  of  the 
most  importance,  where  the  planes  lie  in  a  zone  with  a  pinacoid  plane,  the  simplified  f  ormulai 
are  employed. 

For  the  octagonal  prism  this  relation  becomes: 

tan  (100)  {JM)  =  cot  (010)  {1M)  =  -|, 

Determination  of  the  axis  c. — This  follows  from  equation  (1),  p.  446,  which,  for  this  gm» 
becomes : 

1  c 

V  cos  PA  =  -^  cos  PC,  (a  =  1;. 

For  an  octahedron  (/<0/)  in  the  diametral  series,  we  have : 

tan  (AW)  (001)  =  y. 

For  the  unit  octahedron  (111),  we  have : 

tan(lll)(001).oos45*'  =  a. 

IIL  Hexagonal  System. 

The  Hexagonal  System  and  its  hemihedral,  or  rhombohedral,  division  are  both  indaded  by 
lliller  in  his  Ehombohedral  System  (see  p.  462).  All  hexagonal  and  rhombohedral  forms 
are  referred  by  him  to  three  equal  axes,  oblique  to  one  another,  and  normal  to  the  faces  of 
the  unit  rhombohedron.  This  method  has  the  great  disadvantage  of  failing  to  exhibit  the 
hexagonal  symmetry  existing  in  the  holohedral  forms,  since  in  this  way  the  similar  planes  of  m 
hexagonal  pyramid  receive  two  different  sets  of  symbcls,  having  no  apparent  connection  with 
each  other.  It,  moreover,  hides  the  relation  between  this  system  and  the  tetragonal  system, 
which,  optically,  are  identical,  since  they  possess  alike  one  axis  of  optical  symmetry. 

The  latter  difficulty  was  avoided  by  Schrauf,  who  introduced  the  Orthohexagonal  Sys- 
tem.    In  this  the  optical  axis  was  made  the  crystallographical  vertical  axis,  and  otherwise 

two  lateral  axes,  at  right  angles  to  each  other,  were  assumed,  a  and  a  V  3.     This  method,  how- 
ever, does  not  overcome  the  other  objection  named  above. 

In  the  method  of  Weiss  and  Naumann  a  vertical  axis,  coinciding  with  the  optical  axis,  was 
adopted,  and  three  lateral  axes  in  a  plane  at  right  angles  to  it,  they  intersecting  at  angles  <A 
60*",  corresponding  to  the  planes  of  symmetry  in  the  holohedral  forms  (see  p.  463).  In  thii 
wigr  /)nly  can  the  ^ymmetiy  of  the  hexagonal  forms  be  clearly  brought  out,  and  at  the  sam« 
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lime  the  relation  between  the  hexagonal  and  tetragonal  systems  exhibited.  Recently  Groth 
(Tscb.  Min.  Kitth.,  1874,  223,  and  Phys.  Kryst.,  1876,  p.  252)  has  shown  that  the  complete 
symbols  of  Weiss  and  Naumann  could  be  translated  into  a  reciprocal,  integral  form  after 
the  manner  of  Miller.  The  symbols  then  obtained,  as  was  also  shown,  admit  of  a  like  con- 
venient use  in  calculation.  Essentially  the  same  method  was  proposed  in  1806  by  Dravais, 
and  his  suggestion  is  followed  here ;  tibe  more  important  equations,  expressing  the  relationi 
between  the  poles  of  the  planes,  their  indices,  and  the  axes  of  the  crystal  are  also  added. 
They  are  given  somewhat  in  detail,  since  they  are  not  included  in  any  of  the  works  on  Millcr^s 
Systsm  before  referred  to. 

All  hexagonal  forms  are  referred  to  a  vertical  axis,  c,  and  three  equal  lateral  axes  in  a 
plane  at  right  angles  to  it,  intersecting  at  angles  of  60° 
and  120°  (f.  792).  The  general  symbol  for  a  plane  in  this 
system  is  {/ikli)^  where  it  is  always  true  that  the  alge- 
braio  sam  of  7t^  k,  lia  zero,  that  ia,  h  +  k  -{- 1=.0.  The 
indices  here  are  the  reciprocals  of  those  of  Naumana, 
except  that  the  index  I  has  the  opposite  sign,  and  the 
order  of  two  of  the  indices  is  inverted.  According  to 
him  the  general  symbol  of  any  plane  is  m-n  (=mP»), 

or,  in  full, — ^  a:  a:na:  mo.    Thus  the  plane  3-|  (3P|) 

71-1 

haa  the  full  symbol,  8a  :  a  :  f  a  :  3^,  or  to  correspond 
with  the  other  symbols  it  must  be  written,  3a  :  f  a  :  a  :  3^. 
The  reciprocals  of  the  latter  indices  are  i  :  | :  1  :  i,  or, 
reduced  to  integers  (and  changing  the  sign  of  2)  (12^1), 
which  is  the  symbol  accordixig  to  the  plan  here  fol- 
lowed. Similarly  the  plane  (2243)  gives,  on  taking  the 
reciprocals,  \a  :  ^  :  ^a  :  ^,  which  is  equivalent  to  2a  :  2a 
:  a  :  ^e,  or  in  Naumann^s  abbreviated  form  J-2  (=^P2). 

It  is  the  great  advantage  of  this  method  that  it  makes  it  possible  to  change  the  almost  ani< 
yersally  adopted  symbols  of  Weiss  and 
Naumann  into  a  form  which  allow  of  all 
the  readiness  of  calculation  and  the  appli- 
cation to  tiie  spherical  projection  which 
are  the  characteristics  of  Miller's  System. 

In  calculations,  both  by  zone  equations 
and  other  methods,  only  two  of  the  indices 
^  A;,  or  2  of  the  form  [hkli)  need  bo 
employed,  with  the  remaining  index  %  (re- 
ferring to  the  vertical  axis).  This  is  ob- 
viously true,  since  the  three  indices  named 
are  counected  by  the  equation  h  -^  k-^  I 
=  0.  Disregarding,  then,  in  calculation 
the  third  index  /,  as  shown  beyond,  the 
planes  are  referred  to  two  equal  lateral 
axes,  intersecting  at  an  angle  of  120°, 
and  a  third  vertioil  axis  L 

The  symbol  [Tikli]  in  its  more  gen- 
eral form  embraces  twenty-four  planes, 
as  is  evident  from  an  inspection  of  the 
spherical  projection,  f.  793.  Here  A,  A;,  I 
are  of  equal  value  and  mutually  exchange- 
able, with  the  condition,  however,  that 
their  algebraic  sum  shall  always  equal 
sero.    Of  the  twenty-four  planes  of  the 

dihexagonal  pyramid,  the  following  are  those  of  the  upper  quadrants  mentioned  in  ordef 
from  left  to  right  around  the  circle  (f.  793).  Those  below  have  the  same  symbola,  except  that 
the  index  t  in  each  case  is  minus : 


1210 


{Mki) 


{Mi) 
{klhi) 


(Wii) 
{Ikhi) 


(Jhki^ 
{IhM) 


ilchU) 
Qchh) 


In  this  general  form  [7ikJ%\  the  following  special  oases  are  possible,  each  one  giviiig  itot 
to  an  independent  form  or  group  of  forms,  as  seen  below : 


1t»  f  If  1  t».|f n.i.an. 


[hA2Ji9i\  ;  k  =  k.:l  =  fa 


t [Oiii] 

tOlIO] 
[0001] 


-  =0.-.J  =  A 


-^  :  M  :  o  :  fM  [«-•] 


[1] 

[a 


A.  Sotah^nU  Pormt. 


Fbo  fomu  to  which  theae  ^mboli  belong  bare  been  alnaAj  mentioiied  on  pp.  SS-H, 
Thej  m^  ba  briefly  McapitoJatod  bare.  The?  am  taken  in  the  leverae  order  from  that  ginm 
in  the  tabta 

.Ouaffd'inM.'-Sj^bol  (0001)  and  (OOOl). 

PriMM.-  -,1)  The  unit  priam  (/].  QeosTBl  ^yinbol  [OlIO],  loelodinf;  {«»«  f.  793, 794)  tiic 
riz  planea  with  the  foUowing:  Brmbols:   (0110),  (1100),  (lOtO),  (OllO),  (llOO),  (lOlO). 

(()  The  diagimnl  prism  (i-Z).  General  symbol  [1130],  includtns  (t.  793,  799)  the  folloir- 
liiffBix plane*:  (Il30).  {I2I0},  (2110),  (1120),  (I^IO).  (SilO). 

(e)  "Die  dOitxctgotud  phain  (t-n).  Qeneral  BTmbiil  [UJO],  embraoing  the  following  tweln 
plane*  mentioned  in  order : 

(,hm),  {hOA),  (MO),  QWi),  (OM),  (£U0),  (£B0),  (AM),  (£2%0),  (UAO),  (I^),  (UJD). 

HaagoTuU pyramidt.  or  Quartioidi.-^a)  The  pjramlda  of  IheJIrat  or  unit  teria,  Oeneiri 
■ymbol  [OAm]  embracing  twelre  similar  pbxnea.  All  the  pyramids  of  this  aeries  lie  in  > 
lone  between  the  nnit  prism  [OlTO]  and  the  base  [OOOIJ.  A  special  oaae  of  thia  ia  whea 
\  =  k  =  i—\.    The  plants  of  this  form  (f.  790}  are  ehown  on  the  projection,  f.  793. 


^ 


[OlIO] 


(A)  FyrunidB  of  the  tteimd,  or  diagmat  leriw.  Oeuarsl  ^mbol  [Ah%h2i],  inolndlngtweln 
plane*,  analogons  to  thoee  of  the  pyramid  nnit  series.  All  the  pyramida  of  this  serle*  lie  in 
a  lona  between  the  diagonal  piism,  whose  general  sjinbal  is  [11S0],  and  the  basal  plane 
fiWIl]. 

TtMit»-iidtd piframidi,  or  Btrn/Uoldt  (t  797),— Qeaeral  «ymbd  [A*S],  Inolndiog  the  twenty- 
four  planes  ennmerated  on  p.  4S3. 


iollsb's  system  of  obtstallography. 
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798 


800 


B.  Eanihedral  Forms. 

The  most  important  of  the  bemihedial  forms  in  this  intern  are  as  foil  Iws  x 

1.  Ptbamedal  hemihedzism. — This  oomes  under  the  head  of  holohemihedial  forms,  which 

iie  Tertically  direct  (see  pp.  34,  85).  It  is  indicated  like 

the  corresponding  hemihedrism  in  the  tetragonal  system 

v[hkH].    It  is  common  on  apatite. 

3.  Rhombohedral  hemihedrism. — These  included 
here  are  hemiholohedral,  and  vertically  alternate.  They 
are  indicated  in  general  by  K[?tkl(].  This  class  is  import- 
ant, since  it  embraces  the  Rhombohedral  Division. 

(a)  Rhombafiedrons,  Symbol  ic[OM(I;  the  unit,  or 
fundamental  rhombohedron  (+i2:,  f.  798)  has  the  symbol 
r[0111],  including  the  nz  planes:  (Olll),  (1011), 
aiOl),  (lOii),  (ilOl),  (OllI).  The  negative  rhombohe- 
dron (-J?.  f.  799)  includes  the  planes:  (1101),  (0111), 

(lOii),  (Oiii),  (loii),  (lioi). 

{h)  Sealeno/iedrvns  (f.  800).     Symbol  K\?ikJi], 

8.  Gtroidal,  or  trapezohedial  hemihedrism. — The 
forms  here  included  are  holohemihedral,  and  vertically 
alternate.    They  are  indicated  by  K'[/ikU]  .  see  p.  89. 

4.  TBTRATonEDRisM. — This  may  be  ( 1 )  rliamhohedral, 
indicated  by  kw[/UcH\  ;  or  (2)  trapezohedrai  (gyroidal),  as  common  on  quartz,  having  the  gen- 
eral qrmbol  KK'[hkH\. 


Mathematicdt  Belaiioni  of  the  Hexagonal  System, 

In  the  Hexagonal  System,  as  has  been  explained,  the  symbol  in  general  has  the  form 
[hkU\^  where  the  algebraic  sum  of  A,  k^  and  I  is  zero.  This  gfeneral  symbol  has  four  in- 
dices, referring  respectively  to  the  three  equal  lateral  axes  and  the  vertical  axis,  as  shown 
in  f.  792,  thas  showing  the  fundamental  Jiexagonai  symmetry  of  the  forms.  Since,  however, 
the  position  of  a  plane  is  known  by  its  intersection  with  three  axes  alone,  two  of  the  three 
indices  h^k^l  are  all  that  are  needed  iu  calculation,  the  third,  2,  being  a  function,  as  given 
above,  of  h  and  k.  The  mathematical  relations  of  the  planes  in  this  system  are  brought  out  by 
referring  them  to  three  axes,  viz.,  two  equal  lateral  axes  H,  K^  (=  a  =  1)  oblique  (120°  and 
GO"*)  to  one  another,  and  a  third  axis  (c)  of  unequal  length  perpendicolar  to  their  plane. 

This  applies  also  to  the  calculation  by  zonal  equations.  The  indices  (u,  v,  w)  of  the  cone 
in  which  the  planes  {hJdi),  {pgrt)  lie,  are  given  by  the  scheme : 

h       k       i       h       k 

XXX      • 

p       q       t      p       g 

u=:ki^gi     Y^ip  —  ht  w^hq  —  kp, 

(1)  The  diatonoes  (see  f .  793)  of  the  pole  of  any  plane  (hldi)  from  the  poles  of  tW  planei 
(lOlO),  (OliO),  (IlOO),  and  (0001)  are  given  by  the  following  equations: 

00. PA  =  00.  m-)  (1010)  =  ^si'  +  ^^XH' 


hky 


PB  =  00.  (««)  (OlIO)  =  ^si'  +  ^k^+%  +  kky 

PM  =  00.  («*)  (1100)  =  ^^.^J^r,%^uy 
PO=«.(««)(0001)=  ^^^^i/^l^.J^y 
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(2)  The  diBtanoe  (PQ)  between  the  poles  of  anj  two  planes  {JUdi)  sad  ( pgrl)  is  fpwm  hf  thi 
equation: 

^      ViSP-^  4c\h'  +  k'  +  hk)]  pt"  -H  ^'(  p'-hg*-h  P9)Y 

(3)  For  special  cases  the  above  formula  becomes  simplified ;  it  senres  to  give  the  value  ol 
the  normal  angles  for  the  several  forms  in  the  qrstem.     They  are  as  foUows : 

(a)  Hexagonal  Pyramid  [OA^l,  f.  706, 

cos  X  (termmal)  =  3-^5-^-^^ ;  cos  Z  (basal)  =  3^^^^ 

For  the  hexagonal  pyramids  of  the  seoond  series  [0A2^»]  the  angles  have  the  saiae  vafabt. 
(6)  Dihexagonal  P^mid  [hkii]^ 


COS  i  (see  L  TO 7)  -  ^,--^^^—^—^^. 

cosY(seef.797)  =  y,-^^!;^'^y-^^:>, 

3i*  +  4c-(/4*  -i-  k*-i-kk) 

ooe  /.  (Dasai)         -  3i*  +  4cH/i»  +  *»  +  W 


ie)  Dihexagonal  Prism  [AJbX)], 

A«  +  *•  +  4A* 


008  X  (axial)       r= 


2(A*  +  ik*  +  ibfc)' 

r 

2X4  +  Mifc  -  A' 


00.  Y  (diagonal)  =  ^^^,  _^^  ^  ^j. 

(d)  Bhombohedron  ic[0^0} 

3»»  —  2A*c« 
cos  X  (terminal)  =  g-^^^^^^,. 

M  Boalenohedron  x[M7»], 

cos  X  (see  f.  800)  =  3,^  ^  4,.^;,,  ^  ^  ^  ;^fc^ 

cosY(seef.800)=  3,.  ^  J^/,.  ^  ^.  ^  ;^/> 
e«.z  (basal)         =  2^^(A» -f  A:>  +  47^_)^:JP 

(4)  Relations  of  planes  in  a  zone. — The  general  equation  (3,  p.  44Q  is  to  be  emplojad 
For  the  pyramidal  zones  passing  through  the  pole  (0001)  it  takes  a  simpler  form,  via.  * 

p  ~'  q~  t  '  tan  q6' 
U  Q  =  (Olll),  then : 

tanPC_  k 
tan  QC  ~  7' 

Determination  of  the  axis  c.— The  value  of  c  may  be  determined  from  any  one  of  the 
tqnatious  which  have  beer,  given.     The  following  are  simple  cases : 

tan  (7iA  2^  20  (0001)  =  ^'. 
Also  tan  (O/iAt)  (0001) .  sin  60»  =  '4\  or  tan  (Olll)  (0001) .  rin  60"  s  dl 


icillisb'b  system  of  cbystalloobapht. 
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IV.  OBTnoRnoMBic   System. 

The  Oithorhoinbio  System  is  oharacterized  bj  three  imeqaal  rectangular  axes,  ^,  I,  a,* 
The  indices  /t,  k^  I  may  be  either  plus  or  minus,  in  the  general  form  [fiJd]f  but  they  are  not 
exchangeable,  since  they  refer  to  axes  of  different  lengths.  This  general  symbol  then  embraces 
the  following  planes : 


ilUct) 


(AifcT) 


s 


Ab  different  values  are  given  to  A,  A;,  {,  this  general  form  becomes  more  or  less  spocialixed. 
The  poflsible  forms  ore  as  follows : 


([A 


2. 
8. 


khl\ 
[hhq 
[AO/J 
[OAZ] 


6. 
6. 

7. 


h>  h, 

h  =  k, 

k=zO. 

/a  =  0. 

hkO];  I  z=0,h>k. 

khO];  /  =  0,  /*  >  ik. 

101;  A=  A;  =  l,  1=0. 
[100]  ;  k=l  =0. 

[010]  ;  ^  =  /  =  0. 
[001]  ;  h=zk-.0. 


ndih  ime 
d:h  imc 
dicoh  imb 
00 d^:  I :  me 
dirih  icob 
nd( :  S  :  00  c 
dih  :  ccc 
d  :  coh  :  €oh 

cod  :  h  :  cob 
cod  :  Qoi  :  b 


[m-n] 

[m-ii 

[ml 

[m-i], 

[m-q. 

t'-n]. 

i-ni 
71. 

[t-i]. 

m 


801 


These  symbols  belong  to  the  various  distinct  forms  of  this  system,  as  follows : 
PiTwcoid8.—{a)  Basal  plane.     Symbol  [001],  including  the  two  planes  (001)  and  (OOl).    (B) 

Mcteropinacoid.     Symbol  [100],  including  the  plane  [100],  and  [100]  opposite  to  it.    (c) 

Brachypinacoid,    Symbol  [010],  including  the  planes  [010]  and  [OlOl. 

Prisms,— {a)  Unit  prism  (7).     Symbol  110,  including  four  planes,  (110),  (110),  (HO),  (liO). 
(b)  Macrodiagonal    and   brachydiagonal 
prisms,  havin/;  respectively  the  symbols 
[AAK)]  and  [A'/iO],  it'  h  is  greater  than  k. 

Thus  the  symbol  i-2  corresponds  to  [210]» 

and  i^i  to  [1'20]. 

Domes. — [n)  Macrodiagonal,  or  maerO' 
domes,  having  the  symbol  [AU/]  ;  and  (b) 
brachydiaci^onal,  or  brachydomes,  with  the 
symbol  [0^/].  In  each  case  the  symbol 
embraces  four  similar  planes. 

Octahedrons  or  Pyramids. — The  sym- 
bol [hhl]  belongs  to  the  ei^ht  planes  of  the 
unit  pyramids,  all  lying  in  the  zone  be- 
tween the  unit  prism  [110],  and  the  base 
[001].    If  A  =  ithe  form  is  then  [111], 

and  the  eight  planes  are :  (111),  (111), 

(iii),  (lii),  (111),  (111),  (iii),  (lii). 

Of  the  ^neral  pvramids  two  cases  are 
possible,  either  [Ai/]  or  [khJ^,  when  h>k, 
these  correspond  respectively  to  the 
prisms  J[AAO]  and  [A:AO].  They  are  the 
macrodiagonal  and  brachydiagonal  pyra- 
mids of  Kaumann ;  thus  2-2  (=  d^:  26 :  2c) 
is  [211],  according  to  Miller,  and  2-2  f  =  2(Jf :  5  :  2c)  is  [121]. 

♦  The  same  lettering  is  employed  here  as  in  the  early  part  of  this  work ;  it  differs  from 
that  of  Miller  in  that  with  him  a  is  the  maerodiagonat,  and  h  the  brachydiagonal  9ixSs, 
Follo'vinff  Groth,  and  later  writers  (Bauerman,  etc.),  the  macropinacoid  has  the  symbol 
(IW,  and  the  brachypinacoid  the  symbol  (OlO) ;  similarly  the  macrodomes  are  in  genenl 
WH).  f  jid  the  brachydomes  (Qkt), 
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For  the  figures  of  the  aboye-mentioned  forms  see  pp.  42-44.  Their  relations  will  be  under- 
stood from  an  examination  of  f,  801,  showing  the  projection  of  the  crystals  in  f .  758,  p.  444^ 
It  will  be  seen  that  all  the  macrodiagonal  planes  lie  between  the  zonal  circles  (diameters) 
(110)  (001),  and  (100)  (001),  and  the  brachydiagonal  planes  between  (110)  (001)  and  (010)  (001). 

MaiTienuUtccU  Rdaiuma  of  the  Orthorhombic  System, 

(1)  For  the  distance  between  the  pole  of  any  plane  'PQiM)  and  the  pinaooid  planes  we 
have  in  general : 

008.  P A  =  COS' W  (100)  =  ^P^,^^^^^ 

008'  FB  =  OOe'  m  (010)  =  yy,.  ^  ;fc.^v  ^  p^y 

cos' PC  =cos'(AA;Q(001)  =  ;^wf  A:W  +  ^W 

(3)  For  the  distance  (PQ)  between  the  poles  of  any  two  planes  {hkt)  and  (pqr)  : 

cosPQ=  ^  ■ 

(^  For  planes  lying  in  a  zone,  the  general  relation  (p.  446)  is  to  be  employed.  For  tike 
special  cases,  practic^ly  of  most  importance,  the  simplified  equations  which  follow  are  used, 

(4)  To  determine  the  lengths  of  the  axes,  the  general  equation  may  be  employed  : 

^  cos  PA  =  i-  COS  PB  =  4  COS  PC. 
h  k  I 

Here  PA,  PB,  PC  are  the  distances  from  the  pole  of  any  plane  {JUcl)  to  the  pinaooid  planes 
(JM\  (010),  (001)  respectively.    The  brachydiagonal  axis,  U,  is  made  the  umt. 

If  the  anffle  between  any  dome  or  prism  and  the  adjoining  pinacoid  plane  is  glTen,  the 
relations  follow  immediately : 

tan  PA  =  tan  (^W))(100)  =  -^ 

on 

tan  PB  =  tan  (OiW)  (010)  =  ^ 
tan  PC  =  tan  (^M)/)  (001)  =  j^ 


V.  MoNOCLiNic  System. 

In  the  Monoolinio  System  there  are  three  unequal  axes,  and  one  of  these  makes  an  oblique 

angle  with  a  second.    The  axes  are  lettered  as  shown  in  f.  802. 
QQ2  ^  ^  yertical,  h  the  orthodiagonal  axis,  and  d  the  dinodiagonal 

axlB  oblique  to  c,  but  at  right  angles  to  b.  The  qrmbol  [AiU] 
embraces  only  four  similar  planes  in  the  most  general  case,  for 
in  consequence  of  the  obliquity  of  one  of  the  axes,  the  quadrants 
above  in  front  correspond  alone  to  those  below  and  behind,  and 
those  above  behind  oorrespond  to  those  below  in  front.  This  is 
seen  dearly  in  the  projection  of  f.  803.  For  :t^  ±K  "^^  ^* 
qrmbol  [lild]  includes  Uco  distinct  forms,  viz. : 


(1)       ihfd)  (hJl^  (hkt)  (^ 

and     (2)      (hki)  (^  (TiibZ)  {m, 

The  various  forma  are  as  follows : 
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Pina4»idi.—BaBe  [001].    Orthopinacoid  [100].     dinopinaooid  [010].     Each  aymbol,  of 
ooaxBe,  comprehending  two  planeB  only. 


808 


804 


Croooite. 


Prisms. — (a)  Unit  prism  [110],  =d:  b  :  co6  (I)  of  Naamann.  This  symbol  embraces  fonx 
similar  prismatio  planes,  {b)  (Mhodiagonal  prisma  [hkO],  where  h  >  k^  the  poles  of  these 
pri^ims  fall  on  the  prismatic  zoniU  rarole  between  100  and  110  (see  f.  803).  They  correspond 
to  the  prisms  i-n  (=d  :  nft  :  ooc)  of  Naamann.  {e)  Olinodiagonal  prisms.  Symbol  [MO], 
h  >  k,  lying  between  (110)  and  (010).     They  correspond  to  ^^  (=.^4  :  b  i  coc)  ot  Naumann. 

Domes, — (a)  Hemi-orthodomes,  inolading  two  cases,  (101)  and  (lOl),  the  minns  domes  of 
I^anmann  (opposite  the  obtuse  angle) :  and  also  (101)  and  (101)),  the  plus  domes  of  Naumann 
(opposite  the  acute  angle  fi).  {b)  Olmodomes.  Symbol  [OA^,  embracing  four  similar  planes 
(OiU)  (0^,  {Okt)^  (Oi^Z).  The  dinodome  [Oil],  equivalent  to  14  (=cod  :  b  :  mc),  is  one  case 
in  this  form. 

Piframids,  ^The  pyramids  are  all  hemi-pyramids.  (a)  The  symbol  [hid]  includes  the  unit 
pyramids  in  a  zone  between  [110]  and  [001].  {b)  The  symbol  [hk[\  includes  two  sets  of  hemi- 
pyramids,  whose  indices  have  been  given  on  p.  416,  corresponding  respectively  to  —  P  and 
+P  of  Naumann. 

If  A  is  greater  than  k  these  axe  orthodiag<mdl  pyramids,  corresponding  to  ±{d:nb  :coc)  ot 
Naumann.  The  symbol  [k/d]  on  the  same  supposition  includes  two  sets  of  planes,  like  those 
of  p.  45S,  and  differing  only  in  being  dinod^agonal ;  equivalent  to  (nd  :  b  icoo)  ot  Naumann. 

The  orthodiagona]  planes  lie  between  the  sone  (100),  (001)  and  (110),  (001),  while  the  olino- 
diagonal are  between  the  hitter  zone  and  (010)  (001),  as  is  seen  on  f.  803,  which  gives  tlit 
projection  for  1  804. 


Mdthematieal  BdaUom  for  the  MoiwcUnio  System. 

(1)  The  distances  of  the  pole  of  any  plane  {7Ud)  from  the  pinaooid  planes  are  giren  by  tb« 
ft  uo  wing  equations : 

—  -^   _    hbe  +  lab  cos  fi 

COS  PA  =  cos  (/iW)  (100)  -  VA'W  +  ifc«a*o*  sin« /3  +  I'a^b*  +  Utiai^c  cob  $' 


COS  PB  =  cos  ihJd)  (010)  = 


kaetiafi 


^h^b^^  +  A;Vc»  sin«  iB  +  f*a«*«  +  fUdab^e  cos  /9  ' 


__    lab  +  hboooBfi 

ooa PC  =  COS  (A«)  (001>  -^^,^,^  ^  ^^,^,  sin«  jB  +  Pa'^b'  +  iJdab'e  om»' 
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(5)  The  distance  between  any  two  planes  maybe  axpressod  in  general  fonn,  bntinall 
practically  arising  cases  the  end  can  be  attained  by  the  solution  of  one  or  more  sphencal  tri- 
angles on  the  projection. 

(8)  For  the  relation  between  the  planes  in  a  zone  the  general  e<iai»tlon  before  given  holds 
good: 

cotPS-ootPB  _  (PQ) .  (SB) 
cotPQ  -  cot'PE  ~  (QR) .  (PS)* 

(4)  For  all  zones  passing  through  the  dinopinacoid  (010),  the  Talne  of  PB  moy  be  taken  ai 
90*,  and  the  above  equation  consequently  simplified : 

p  ^  g  '    tan  QB  ""  r 

This  equation  is  especially  valuable  for  determining  the  indices  of  planes  in  the  prismatio 
and  clinodome  series. 

(6)  To  determine  the  axial  relations  the  general  equation  admits  of  being  transformed  so  ai 
to  read: 

h         sin  PrA  _  p  sin  QYA       a^ 

T  •       sin  PYC  -  r  '       sin  QYO  ""  c  • 

k         sinPYA  _  q^         sin  QYA  _  ^ 
^^  T*        cotPY  ■"  r  •        cotQY  ""  e  * 

The  angles  PYA,  PYO  are  angles  which  may  be  calculated  directly  by  spherical  trianglea 
from  the  measured  angles.  Similarly  for  QYA,  QYC.  PY  and  QY  are  the  angles  between 
the  given  plane  P  or  Q  with  the  dinopinacoid. 


VL  Triclinio  System. 

In  the  Tridinic  Eystem,  since  the  axes  are  unequal  and  all  mutually  oblique,  there  can  be 
no  plane  of  symmetry,  and  there  can  in  no  case  be  more  than  two  planes  included  in  a  single 
form.  The  three  axes  are  disting^uished  as  a  vertical,  c,  a  longer  lateral,  or  macrodiagonal 
axis,  I,  and  a  shorter  lateral,  or  brachydiagonal  axis,  d.  The  position  assumed  for  the  axes 
is  shown  in  f .  259,  p.  80. 

The  general  symbol  [IikH] ,  which  includes  eight  similar  planes  in  the  orthorhombic  aystem, 
is  here  resolved  into  four  independent  forms,  embracing  two  opposite  planes  only.  They 
are  thus: 

(^>   (Ml)  ^^^    (Iikt)  t^>    {hm  W    ^f^ 

These  correspond  respectively  to  mV'n  (1),  m'Vn  (2),  mP,n  (3),  f»,Prt  (4)  of  Naumann,  oa 
—m-n ,  —m-n,  m-n\  m-n\  as  the  abbreviated  symbols  are  writt^  in  the  earlier  part  uf  this 
work. 

Contrary  to  the  usage  in  the  orthorhombic  system,  it  is  customary  to  make  [100]  the 
macropinacoid  (i-i  =  a  :  oo 5  :  oo c),  and  [010]  the  brachypinacoid  (»-i  =  cod  :  b  :  cca.  Planes 
having  the  symbol  [?iOt]  are  then  macrodomes ;  and  those  of  the  symbol  [Okt\  are  brachy- 
domes.  Similarly  then  pyramids  (h  >  k)  of  the  form  [fikl]  are  macrodiagonal  planes,  and 
those  of  the  form  (hkl)  are  brachydiagonal  planes.  The  unit  prism  consists  of  two  independent 
forms  (110),  (110)  (I  =ooP/),  and  (llO;,  (110)  (I  =oo  ',P). 

Mathematieal  Rdatums  of  the  TricUnie  8y$tem, 

In  consequence  of  the  obliquity  of  the  axes  in  the  Triclinio  System  the  mathematica]  rela- 
tions are  less  simple,  aud  the  general  equations  deduced  as  before  become  so  oompUcated  as 
to  be  seldom  of  much  practical  value.  Most  problems  which  arise  may  be  solved  by  the  zonal 
relations,  or  by  the  solution  of  the  spherical  triangles  in  the  projection.  Some  of  the  most 
important  relations  (given  by  Schrauf)  are  as  follows: 
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If  the  angle  between  the  axes  X  and  Z  =  i|,  between  X  and  Y  =  C  <^  between  T  and  8 
=  ( (see  f.  757) ;  if  alao  a,  fi^  y  are  the  cozxesponding  angles  between  the  pinaooid  planeH— 
then- 


and 
where 


008  $  COS  y  —  COB  a 


siniSsinY 


00S1|  = 


cos  y  COB  a  —  cos  $ 


Bm7Bma 


G0S(  = 


cos  jS  cos  g  •=  COB  1 

sin  asin  3 


cos«PX  = 


74'ftV  Ai 


C08«PY  = 


*Vc«  A. 


cos*  PZ  = 


Pa^b^  Ai 


Ml  Ml  Mi 

Ai  =  [1  4-  2  cos  a  cos  i9  cos  7  —  (cos*  a  +  cos'  $  +  cos'  y)]. 

Ml  =  A'^Vsin'a  +  A;^aV  sin' iS  +  ^a'6^  sin' 7  +  2a^e  ( W  cos  ^  sin  a  sin  7 
+  liJcc  cos  7  sin  a  sin  iS  +  Ida  cos  a  sin  ^  sin  7). 


Also 


008*  AX  = 


A, 


sin'  a  ' 


cosBT  = 


A, 


sin'iS  ' 


cos  GZ  = 


A» 


sin*  7 


When  PX,  PY,  PZ  have  been  found  by  calculation,  then  the  following  equation  gives  th« 
relation  of  the  axes : 

-^  cos  PX  =  T  cos  PY  =  4-  cos  PZ. 


As  seen  in  f .  805. 

00a  PX  =  sin  PBG  sin  PB  =  sin  PCB  sin  PC; 
008  PY  =  sin  POA  sin  PC  =  sin  PAG  sin  PA ; 
008  PZ  =  sin  PAB  sinPA  =  sin  PBA  sin  PB; 
and  also  from  these  it  follows  that — 
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^  sin  PAG  =  -f  an  I*AB  ; 
4- sm  PBA  =^  sin  PBG; 


-^  sin  PCB  =  4-  nn  PGA. 


5  =  180'  -  GAB  ; 


H  =  180"  -  ABO  ; 


f=180'  -  AOR 


Relations  of  the  Six  Gbtbtalline  Systems  in  Respect  to  Stmhetbt. 

From  a  careful  study  of  the  spherical  projections  for  the  successive  systems  a  veiy  cleai 
idea  may  be  obtained  of  the  degree  of  symmetry  which  characterizes  each.  It  is  well  under* 
stood  that  in  the  Isometric  System  there  are  nine  planes  of  symmetry ;  in  the  Tetrngonal, 
fice;  in  the  Hexagonal,  seven  ;  in  the  Orthorhombic,  three;  and  in  the  MonocUnic  only  one. 
These  relations  are  shown  on  the  projections  by  the  symmetrical  distribution  of  the  poles  abovt 
the  respective  great  circles.     These  zone-circles  of  symmetry  are  as  follows : 

Isometric  System  (f .  760) :  1st,  the  three  diametral  zones : 


1.     (100),  (010),  (100). 
Also  the  diagonal  zones : 

4.  (110),  (001),  (110). 

5.  (110),  (001),  (ilO). 

Tetragonal  System  (f .  790) : 

1.    (100),  (010),  (100). 

AlBo: 

4.    (110),  (001),  (IIO) 


2.     (100),  (001),  (100). 


6.  (100),  (Oil),  (TOO). 

7.  (100),  (Oil),  (iOO). 


3.    (010),  (001),  (OlO). 


8.  (010),  (101),  (010). 

9.  (010),  (101),  (OiO). 


2.     (100),  (001),  (iOO).  3.    (010),  (001),  (OiO^ 

5.   (lio),  (001),  (iio). 
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AFFENDEL 


Bodkiganal  Syntem  (1  798)t 

1.    (lOlO),  (0001),  (1010). 
4.    (1120),  (0001),  (1120). 


Orthorhombie  System  {t  801) : 

1.    (100),  (010),  (lOO). 
Manoehnio  8yUem  (£.  804) : 


S.  (plIO),  (0001),  (OHO). 
5.  (1310),  (0001),  (1310). 
7.    (1010),  (0110),  (IlOO). 

8.    (100),  (001),  (iOO). 
1.    (100),  (001),  (TOO). 


8.    (IlOO),  ((>00l;,  ;1I0D). 
6.    (2110),  (0001),  (21l0y. 


8.    (010),  (001),  (OlO). 


In  the  Tzidiiiio  System  iheze  is  no  plane  of  ^ymmetEy. 


TnB  RHOMBOnKDBAL  DIVISION  OF  lIlLLBR. 

The  following  projection  (f.  806)  is  added  in  order  to  show  the  relation  of  the  forms  In  tbe 

Hexagonal  and  Rhombohedral  Systems  ai 
referred  to  the  three  eqoal  oblique  axes  of 
Miller.    The  forms  are  as  follows : 

The  planes  having  the  indices  (100), 
(010),  (001)  are  those  of  the  (pins)  fnnda- 
mental  rhombohedron,  while  the  plane 
(111)  is  the  base.  The  phmes  (221),  (121), 
(122)  are  thoee  of  the  minos  fondamental 
rhombohedron ;  with  the  planes  (100), 
(010),  (001)  they  form  the  unit  hezsgonal 
pyramid. 

The  hexagonal  unit  prism  (/=  [0110]} 
has  the  symbols :  (21 1),  (l2l),  (112),  (211), 
(121),  (112).  The  second,  or  diagonal  hexa- 
gonal prism  {i-%  =  [11 20])  has  the  symbolB : 

(lOi),  (liO),  (Oil),  (101),  (iio),  (oii). 

The  dihexagonal  pyramid  embnoes, 
like  the  simple  hexagonal  pyramid,  two 
forms,  [Tiki]  and  [efg\\  the  symbol  [Kid] 
hence  belongs  to  the  plus  scalenohednm, 
and  [efg\  to  the  minus.  In  this  as  in  other 
coses  it  is  true  that :  «  =  —  A  +  2A;  +  2^ 
/=:2A  -  A  +  2i,  ^  =  2A  -*-  2*  -  Z. 

The  dihexagonal  prism  includes  tbe  six 
planes  of  the  form  [AitO],  and  the  remain- 
ing six  of  the  form  [<^0]. 

Host  of  the  problems  arising  under  this  system  can  be  solved  by  the  zone  eq^nataoDS,  or 
bj  the  working  out  of  the  aphexical  triangles  on  the  sphere  of  projection. 


APPENDIX   B. 


ON  THE  DRAWING  OF  FIGURES  OF  CRYSTAIA 


In  the  projection  of  ciystals,  the  eye  is  supposed  to  be  at  an  infinite  distance,  so  that  the 
cays  of  light  fall  from  it  on  the  crystal  in  parallel  linea  The  plane  op  which  the  crystal  is 
projected  is  termed  the  plans  of  projection.  This  plane  may  be  at  right  angUa  to  the  ver- 
tioJ  aziB,  may  pass  t/trough  the  vertical  axis,  or  may  intersect  it  at  an  oblique  angle.  These 
different  positions  give  rise,  respectively,  to  the  horizoxtal,  vertical,  and  obliqitb  pro- 
jections. The  rays  of  light  may  fall  perpendicularly  on  the  plane  of  projection,  or  may  be 
Miqudy  inclined  to  it ;  in  the  former  case  the  projection  is  termed  ORTHOORAPnic,  in  the 
seoond  clinoorapiiic.  In  the  horizontal  position  of  the  plane  of  projection,  the  projection 
is  fdways  orthographic.  In  the  other  positions,  it  may  be  either  orthographic  or  dinographia 
It  is  generally  preferable  to  employ  the  vertical  position  and  dinograpEic  projection,  and  this 
metiiod  is  elucidated  in  the  following  pages. 
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Projection  of  the  Azbb. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminary  to  the  projection  of  the 
form  of  the  ciystal  itself.  The  projection  of  the  axes  in  the  isometric  system,  which  are 
equal  and  intersect  at  right  angles,  is  here  first  given.  The  projection  of  the  axes  in  the  other 
systems,  with  the  exception  of  the  hexagonal,  may  be  obtained  by  vaiying  the  lengths  of  the 
projected  isometric  axes,  and  also,  when  oblique,  their  inclinationfl,  as  shown  beyond. 

leometric  System. — ^When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the  sides 
nor  top  of  the  ciyatal  are  visible,  nor  the  planes  that  may  be 
situated  on  the  intermediate  edges.  On  turning  the  crystal 
a  few  degrees  from  right  to  left,  a  side  lateral  plane  is  brought 
In  view,  and  by  elevating  the  eye  slightly,  the  terminal  plane 
becomes  apparent.  In  the  following  demonstration,  the 
angle  of  revolution  is  designated  8,  and  the  angle  of  the  ele- 
vation of  the  eye,  e.  Fig.  807  represents  the  normal  position 
of  the  horizontal  axes,  supposing  the  eye  to  be  in  the  direc- 
tion of  the  axis  BB  ;  BB  is  seen  as  a  mere  point,  while  GO 
appears  of  its  actual  length.  On  revolving  the  whole  through 
a  number  of  degrees  equal  to  BMB'  (8)  the  axes  have  the 
position  exhibited  in  the  dotted  lines.  The  projection  of  the 
semiaxis  MB  is  now  lengthened  to  MN,  and  that  of  the  semi- 
axis  HO  is  shortened  to  MH. 

If  the  eye  be  elevated  (at  any  angle,  c),  the  lines  B'N,  BM, 
and  O'H  will  be  projected  respectively  below  N,  M,  and  H, 

and  the  lengths  of  these  projections  (which  we  may  designate  6'N,  &M,  and  c'H)  wiU  be  di- 
rectly proportional  to  the  lengths  of  the  lines  B  N,  BM,  and  C'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  expressed 
by  a  simple  ratio  between  the  projected  axea     The  ratio  between  the  two  axes,  BIN  :  MH, 
as  projected  after  the  revolution,  is  designated  by  1  :  r ;  and  the  ratio  of  6'N  to  MN  by  1  : 1 
Suppose  r  to  equal  3  and  %  to  equal  2,  then  proceed  as  follows : 
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Draw  two  lines  AA',  H'H  (1  808),  interaectiiig  one  another  at  right  angleai    Make  MH  ^ 

MH'  =  b.  Divide  HH'  into  3  (r)  parts,  and  throagh  the 
points,  N,  N',  thus  determined,  draw  x^erpendicoUrB  w 
HH'.     On  the  left  hand  vertical,  set  off,  below  H ,  a 

part  H'B,  eqaal  to-*  6  =  -^  H'M;  /uid from R  draw  Ell, 

and  extend  the  same  to  the  vertical  N'.  B'B  la  the  pro- 
jection of  the  front  horizontal  axis. 

Draw  BS  parallel  with  MH'  and  connect  SM.  From 
the  point  T  in  which  SM  intersects  BN,  draw  TC  par 
aUel  with  MH.  A  line  (GCO  drawn  from  G  through  U 
and  extended  to  the  left  vertical,  is  the  projection  of  the 
side  horizontal  axis. 

Lay  off  on  the  right  vertical,  a  part  IIQ  equal  tc 

^MH,  and  make  MA  =  MA'=  MQ ;  AA'  is  the  vertica] 
o 

axis.  If.  as  here,  r  =  3,  and  «  =  2,  then  a  =  18*  26 , 
and  €  =  9'  28',  for  cot  8  =  r,  and  cot  <  =  rs: 
Tetragonal  and  OrthorJumibie  Systems. — The  axes  AA\  CC,  BB,  constructed  in  the  mannei 
described,  are  equal  and  at  right  angles  to  each  other.  The  projection  of  the  axes  of  a  tetra- 
gonal crystal  is  obtained  by  simply  laying  off,  with  a  scale  of  proportional  parts,  on  MA  and 
MA'  taken  as  units,  the  value  of  Uie  vertical  axis  (r)  for  the  given  species.  Thus  for  aircoii, 
where  c  =  '04,  we  must  lay  off  '64  of  MA  above  M  and  the  same  length  below. 

For  an  orthorhombic  crystal,  where  the  three  axes  are  unequal,  the  length  of  c  must  as 
before  be  laid  off  above  and  below  from  M,  and  that  of  h  to  the  right  and  left  of  M,  on  CC , 
MG  being  taken  as  the  unit.     It  is  usual  to  make  the  front  axis  MB  =  d  =  1. 
MonoeUnie  System, — The  axes  c  and  d  in  the  monoclinic  system  are  inclined  to  one  another 

at  an  obliqe  angle  =  3.  To  project  this  inclination,  and 
thus  adapt  the  isometric  axes  to  a  monoclinic  form,  laj 
off  (f .  809)  on  the  axis  MA,  Ma  =  MA  cos  &^  and  on  the 
axis  BB'  (before  or  behind  M,  according  as  the  inclination 
of  d  on  c,  in  front,  is  acute  or  obtuse)  M6  =  MB  x  sin  ^. 
From  the  points  b  and  a,  draw  lines  parallel  respeclivalj' 
with  the  axes  AA'  and  BB',  and  from  their  intexsecticoi 
D',  draw  through  M,  D'D,  making  MD  =  MD'.  The  line 
DD'  is  the  dinodiagonal,  and  the  lines  AA,  G'G,  HD'  re- 
present the  axes  in  a  monoclinic  solid  in  which  a  =  6  =  tf 
=  1.  The  points  a  and  b  and  the  position  of  the  axi£ 
DD'  will  vary  with  the  angle  /3.  The  relative  values  of 
the  axes  may  be  given  them  as  above  explained :  that  is, 
if  ^  =  1,  lay  off  in  the  direction  of  MA  and  ALA.'  a  line 
equal  to  ^,  and  in  the  direction  of  MC  and  MC  a  line 
equal  to  b^  etc 

2'ricUnie  System, — The  vertical  sections  through  the 
horizontal  axes  in  the  triclinic  system  are  obliquely  in- 
clined ;  also  the  inclination  of  the  axis  a  to  each  axis  b 
ftnd  c,  is  oblique.     In  the  adaptation  of  the  isometrio  axes  to  the  triclinic  forms,  it  is  there- 
fore necessary,  in  the  first  place,  to  give  the  requisite 
obliquity  to  the  mutual  inclination  of  the  vertical  sec- 
tions, and  afterwards  to  adapt  the  horizontal  axes.     The 
inclination  of  these  sections  we  may  designate  A,  and  a& 
heretofore,  the  angle  between  a  and  b^  7,  and  a  and  £,  /S. 
BB'  is  the  analogue  of  the  brachydii^nal,  and  CG  of  the 
macrodiagonal.     An  oblique  iudination  may  be  given  the 
vertical  sections,  by  varying  the  position  of  either  of 
these  ECctioDS.     Permitting  the  brachydiagonal  section 
ABA'B'  to  remain  unaltered,  we  may  vary  Uie  other  sec- 
tion OS  follows : 

Lay  off  (f.  810)  on  Ml),  M6'=rMB  x  cos  A,  and  on  the 
axis  C  G  (to  the  right  or  left  of  M,  according  as  the 
acute  angle  A  is  to  the  right  or  left),  Mc  =  MG  x  sin  A ; 
completing  the  parallelogram  TAb'  Dc,  and  drawing  the 
diagonal  MD,  extending  the  same  to  D'  so  as  to  moke 
MD  —  MD,  we  obtain  the  line  DIK  ,  the  vertical  soctiAS 
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throagh  this  line  is  the  correct  macrodiagonal  section.  The  inclination  of  a  to  th6 
new  macrodiagonal  DD'  is  still  a  right  angle  ;  as  also  the  inclination  of  a  to  b,  their  obliqne 
inclinationB  may  be  given  them  as  follows :  Lay  oS  on  MA  (f.  810),  Ma  =  MA  x  cos  /3,  and 
on  the  axis  BB'  (brachy diagonal),  M6  ^  MB'  x  sin  $.  By  completing  the  parallelogram  Mow 
£'&,  the  point  £'  is  determined.  Make  ME  =  ME ;  EE  is  the  projected  brachydiagonal. 
Again  lay  off  on  MA,  Ma'=  MA  x  cos  a.  and  on  MD',  to  the  left.  Md  =■  MD'  x  sin  a.  Dram 
lines  from  a'  and  d  parallel  to  MD  and  MA ;  F\  the  intersection  of  these  lines,  is  one  extremity 
«  of  the  macrodiagonal;  and  the  line  FF',  in  which  MF  =  MF',  is  the  macrodiagonal.  The 
vertical  a^is  AA'  and  the  horizontal  axes  EE'  (brachy diagonal)  and  FF'  (macrodiagonal)  thna 
obtained,  are  the  axes  in  a  tricliniu  form,  in  which  a  =  b  =  e  =2  L  Different  values  m^  be 
given  these  axes,  according  to  the  method  heretofore  illustrated. 

Hexagonal  System, — In  this  system  there  are  three  equal  horizontal  axes,  at  right  angles  to 
the  vertical  axis.  The  normal  position  of  the  horizontal 
axes  is  represented  in  f.  811.  The  eye,  placed  in  the 
line  of  the  axis  YY,  observes  two  of  the  semiaxes,  MZ 
and  MU,  projected  in  the  same  straight  line,  while  the 
third,  MY,  appears  a.  mere  point  To  give  the  axes  a 
more  eligible  position  for  a  representation  of  the  various 
planes  on  the  solid,  we  revolve  them  from  right  io  left 
throngh  a  certain  number  of  degrees  8,  and  elevate  the 
eye  at  an  angle  c.  The  dotted  lines  in  the  figure  repre- 
sent the  axes  in  their  new  situation,  resulting  from  a 
revolution  through  a  number  of  degrees  equal  to  $  = 
YMY'.  In  this  position  the  axis  MY  is  projected  upon 
MP,  MXJ'  upon  MN,  and  MZ  on  MH.  Dee  gnating  the 
intermediate  axis  I,  that  to  the  right  II,  that  to  the  left 
III,  if  the  revolution  is  suoli  as  to  give  the  projections 
of  I  and  II  the  ratio  of  1  :  2,  the  relations  of  the  three 
projections  will  be  as  follows :  I :  II  :  III  =1:2:8. 

Let  us  take  r  (=  PM  :  HM)  equal  to  3,  and  s  (=  b'P  : 
PM)  equal  to  3,  these  being  the  most  convenient  ratios  for 

representing  the  hexagonal  crystalline  forma     The  following  will  be  the  mode  of  constmo 
tion: 

1.  Draw  the  lines  AA,  HH  (f.  812)  at  right  angles  with,  and  bisecting,  each  other.  Let 
HM  =  bj  or  HH  —  2b  Dividcj  HH  into  six  ports  by  vertical  lines.  These  lines,  including 
the  left-  and  right-hand  verticals,  may  be  numbered  from  one  to  six,  as  in  the  figure.  In  the 
first  vertical,  below  H,  lay  off  HS  =  ^6,  and  from  S  draw  a  line  through  M  to  the  fourth 
vertical.     YY'  is  the  projection  of  the  axis  I. 

2.  From  Y  draw  a  line  to  the  sixth  vertical  and  parallel  with  HH.    From  T,  the  extremity 
of  this  line,  draw  a  line  to  N  in  the  second  vertical. 
Then  from  the  point  U,  in  which  TN  intersects  the 
fifth  vertical,  draw  a  line  through  M  to  the  second 
vertical ;  UU'  is  the  projection  of  the  axis  II. 

3.  From  R,  where  TN  intersects  the  third  verti- 
cal, draw  BZ  to  the  first  vertical  parallel  with  HH. 
Then  from  Z  draw  a  line  through  M  to  the  sixth 
vertical ;  this  line  ZZ'  is  the  projection  of  the  axis 
III. 

4.  For  the  vertical  axis,  lay  off  from  N  on  the  sec- 
ond vertical  (f.  812)  a  line  of  any  length,  and  con- 
struct upon  this  line  an  equilateral  triangle  ;  one  side 
(NQ)  of  this  triangle  will  intersect  the  first  vertical 
at  a  distance,  HV,  from  H,  corresponding  to  Z  H  in 
1  811;  for  in  the  triangle  NHV,  the  angle  HNV  is 
an  angle  of  30%  and  HN  =r  ^MH.  MY  is  therefore 
the  radius  of  the  circle  (f.  811).     Make  therefore 

MA  =  MA'=  MV  ;  AA  is  the  vertical  axis,  and  YY',  -A. 

UTT',  ZZ'  are  the  projected  horizontal  axes. 

The  vertical  axis  has  been  constructed  equal  to  the  horizontal  axes.  Its  actual  length  In 
different  hexagonal  or  rhombohedral  forms  may  be  laid  off  according  to  the  method  sufficiently 
explained. 

The  projection  of  the  isometric  and  hexagonal  axes,  having  been  once  accurately  made,  and 
that  on  a  conveniently  large  scale,  may  be  kept  on  a  piece  of  cardboard,  and  will  then  answei 
all  subsequent  requirements.  Whenever  needed  for  use,  these  axes  may  be  transferred  to  0 
sheet  qt  paper,  and  then  adapted  in  length,  or  inclination,  or  both,  to  the  case  in  hand. 

30 
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Projection  of  tub  Forms  ov  GRTeriLs. 

'  >  Simple  fcrvM, — When  the  axial  cross  has  been  constmcted  for  the  given  species,  the  onit 

octahedron  is  obtained  at  ODoe  by  joining  the 
extremities  of  the  axes,  AA\  BB  ,  OG',  as  in 
f.  ^VS.  Here  as  in  all  coses  the  lines  which 
fall  in  front  ore  drawn  stronglj,  while  those 
behind  are  simply  dotted. 

For  the  duimetral  prisms  draw  throogh  B, 
B',  G,  G',  of  the  projected  axes  of  anj  species, 
lines  parallel  to  the  axes  BB ,  GG\  until  they 
meet;  they  make  the  parallelogram,  abcdy 
which  is  a  tronsrerse  section  of  the  prism,  par- 
allel to  the  base.  Through  a,  by  «,  d  dirav 
lines  parallel  and  equal  to  the  vertical  axis, 
making  the  parts  above  and  below  these  points 
equal  to  the  vertical  semiaxis.  Then,  connect 
the  extremities  of  these  lines  by  lines  poralld 
to  a5,  be,  cdf  da^  and  the  fi^^re  will  be  that  of 
the  diametral  prism,  corresponding  to  the  axes 
projected. 
In  the  case  of  the  isometric  system  this  dia- 
metral xjrism  is  the  cube,  whose  faces  are  represented  by  the  letter  //;  in  the  tetragonal 
ijstem  it  is  the  prism  0,  i-i;  in  the  orthorhombio,  the  prism  0,  t-i,  i-i ;  in  the  monoc^ic,  the 
prism  0,  i-u  i-l ;  in  the  tridinic,  0,  f-i,  ^-i. 

The  unit  vertical  prism  in  the  tetragonal,  orthorhombio,  and  dinometnc  systems  may  be 
projected  by  dmwing  Unes  parallel  to  the  vertical  axis  AA'  through  B,  G,  B',  G',  makings  the 
parte  above  and  below  these  points  equal  to  the  vertical  semiaxis ;  and  then  connecting  the 
extremities  of  these  lines  by  lines  parallel  to  BG,  CB\  B'G ,  G'B.  The  plane  BGB  C  is  a 
transverse  section  of  such  a  prism  parallel  to  its  base.  It  is  the  prism  0,  /,  in  each  of  the 
syetems  excepting  the  tridinic,  and  in  that  0,  /,  /' ;  a  square  prism  in  the  tetragcr  ml  f^ystem ; 
a  right  rhombic  in  the  orthorhombio ;  an  oblique  rJumibie  in  the  monodinic ;  an  oblique  rhom- 
boidal  in  the  triclinia 

Other  simple  forms  under  the  different  systems  are  constmcted  in  essentially  the  same  way. 
It  is  only  necessaiy  to  lay  down  upon  the  axes  each  plane  of  the  form,  in  lightly  diuwn  lineoi 
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note  the  points  where  It  intersects  the  adjoining  planes,  and  draw  these  in  more  strongly. 
When  the  process  is  complete  the  construction  lines  may  be  erased.  The  process  will  be 
Uhintrated  by  f .  814  and  f.  815.  In  the  former  case  it  is  required  to  draw  the  trigonal 
tahedron,  whose  symbol  is  2  • 
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In  f.  814  tlie  three  planes  of  the  first  octant  are  represented,  they  are  2  : 1  : 1,  1  :  2  :  1, 
azid  1  :  1  :  2.  It  will  be  seen  here,  what  is  always  true,  that  the  two  points  of  intersection 
required  to  determine  the  line  oC  intersection,  He  in  Vie  axifil planfs.  These  lines  of  interseo- 
tion  are  n^presened  by  the  dotted  lines  iu  f.  814.  If  the  same  prooess  be  performed  for  the 
other  octants,  the  complete  form,  as  in  f .  816,  will  be  obtaiDed. 

Similarly  in  f.  8!5«  the  octagonal  pyramid  1-2  is  constructed ;  the  figure  shows  tho  planet 
of  one  octant  only,  c  :  2a  :  a,  and  c  :  a  :  2/z,  and  the  dotted  line  gives  their  liqe  of  interseo 
Uon.  Carry  out  the  same  plane  of  construction  in  the  other  octants,  and  the  form  of  f.  dl*! 
will  result 

The  construction  of  the  various  crjrstalline  forms,  by  this  method,  especially  those  of  the 
isometric  system,  will  be  found  an  interesting  and  instructive  process,  and  will  lead  to  a  clear 
understanding  of  the  forms  themselves  and  their  relations  to  each  other.  Another  and  quicker, 
though  more  mechanical  method  of  constructing  the  isometric  forms  may  also  be  given. 

Pnjeeti/m  of  Simple  leometiie  Fonne. — This  method  depends  upon  the  principle  that  in  the 
different  isometric  forms  the  vertices  of  the  solid  angles  are  occupied  by  one  or  more  of  the 
interaxes  (p.  10).  If,  therefore,  these  points  (the  extremities  of  the  interaxes),  can  be  deter- 
mined in  the  several  ciystalline  forms,  it  is  only  necessary  to  connect  them  in  order  to  obtain 
the  projection  of  the  solid  itself. 

As  a  preparation  for  the  construction  of  figures  of  isometric  crystals,  it  is  desirable  to  have 
at  hand  the  figure  of  a  cube  projected  on  a  laige  bcale,  with  its  axes,  and  its  trigonal  (octahe- 
dral), and  rhombic  (dodecahedral)  interaxes. 

The  values  of  the  interaxes  t  and  r,  for  a  g^ven  form,  are  obtained  by  adding  to  their  nor- 
mal length  the  values  of  t'  and  r'  respectively  given  by  the  following  equations ;  those  of  the 
octahedron  being  taken  as  a  unit : 

_  2mn  ~  (m  +  w)  ,  _  n—  1 

"    mil  H-  (/»  +  n)   '         ""  n  +  1 ' 

The  proix>rtion  to  be  added  to  the  interaxes  for  some  of  the  common  forms  is  as  followi; 

t  r  i  r 

2               i  0  t-2  1  i 

t                i  0  t.3  }  i 

o|               i  *  2-2  i  ^ 

4-2               ♦  i  8-3  i  i 

To  construct  the  form  4-2,  the  octahedron  is  first  to  be  projected,  and  its  axes  and  inter- 
axes drawn.  Then  add  to  each  half  of  each  trigonal  interaxis,  five-sevenths  of  its  length ; 
and  to  each  half  of  each  rhombic  interaxis,  one- third  of  its  length.  The  extremities  of  the 
lines  thus  extended  are  situated  in  the  vertices  of  the  solid  angles  of  the  hexoctahedron  4-2, 
and  by  connecting  them,  the  projection  of  this  form  is  completed. 

In  the  inclined  hemihedrfU  isomeDric  forms  (p.  20),  the  rhombic  interaxes  do  not  terminate 
In  the  vertices  of  the  solid  angles,  and  may  therefore  be  thrown  out  of  view  iu  the  projection 
of  these  solids.  The  two  halves  of  each  trigt)ual  interaxis  terminate  iu  the  vertices  of  dis- 
similar anglps.  and  are  of  unequal  lengths.  One  is  ideiiiical  with  the  corresponding  interaxis 
in  the  holohedral  forms,  and  is  called  the  holohedral  portion  of  the  interaxis ;  the  other  is  the 
hemihedral  portion.  The  length  of  the  latter  may  be  determined  by  adding  to  the  half  of 
the  octahedral  interaxis  that  portion  of  the  same  indicated  in  the  formula : 

2mn  —  (m  —  n) 

mn  -t-  (m  —  nj  ' 

If  the  different  halves  of  tho  trigonal  interaxes  be  assumed  at  one  time,  as  the  holohedral, 

and  again  as  the  hemihedral  portion,  the  reverse  forms  --5—  and  —  may  be  projected. 

2  2      •  . 

The  following  table  contains  the  values  of  the  above  fraction  for  several  of  the  inclined 
hemihedral  forms,  and  also  the  corresponding  values  for  the  holohedral  portion  of  the  inter- 
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The  paraBd  hemi\«droM  (for  example,  the  pentagonal  dodecahedron,  or  hemi-t«tntheadi» 
dion)  contuaaaolid  angle,  Bitnated  malinabetween  the  extremities  of  each  pair  of  semiaiea. 
which  is  called  an  viutz/mtnetrioai  solid  angle.  The  vertices  of  these  aDf^lea  are  at  nneqaa] 
distances  from  the  two  adjacent  axes,  and  thciefoia  ore  not  in  the  line  of  the  rhombic  inter' 

Axes.     Tlie  coordinates  of  this  solid  angle  for  an^  (orm,  oa  ,  may  be  found  hj  the  for- 

miUaa p  and t-  ■     Bf  means  of  these  formulaa,  the  situation  of  two  poinlk,  a 


vortices  of  the nnsyinmotcicaleolid  angles,  thoMmarkadcofthe  tona  —^  and  those  m&iked 
■-  a<  the  f  OTm  -  t^  • 


He  trigonal  interaxpa  are  of  the  same  length  as  in  the  holohedral  forms.     The  Tnrtiee  of 

'*    m  IctertLxee,  and  of  the  coordinates  of  the  unsf  mmetricol  solid  angle  for  different  parallel 
""" "^  contained  in  the  following  table; 


8 


^ 


»        ^ 


-  (f,  92) 


PrtjeeUim  of  a  Iihomboh«dr<m. — To  constrnct  a  rhombohedron,  laj  oB  vertJcala  tb-ongh  the 
extremities  of  the  horizontol  axes,  and  moke  the  parts  both  above  and  below  these  e  cLremitic* 
equal  to  tbe  thud  of  the  vertical  semiaxia  (t  819).  The  pointe  G,  E,  E  .  B ,  etc ,  ore  thni 
determined  ;  and  if  the  extremities  of  the  vertical  oiia  be  comiected  with  the  poin^  s  B  or  E , 
rbombohedrona  in  diBerent  positions,  mR,  or  — mR,  will  be  constrncted. 

3ealtnofiedr<m.—The  sealenohedron  m"  admits  ol  a  similar  oonrtruction  with  the  rhombolis 
dron  mE.  The  only  variation  required,  is  to  moitiplj  the  vertical  axis  by  the  anmber  of 
units  in  n,  after  the  points  E  and  E  iti  the  rhombohedron  mR  have  been  determined  ;  then 
oonnect  the  points  E,  or  the  points  E',  with  one  another  and  with  the  extremities  of  the  vei^ 
ticalaxis. 

3.  ConipUx  Fornts. — When  it  is  requited  to  Ggnre  not  only  the  planes  of  one  form,  QuA 
ia,  those  embraced  in  one  symbol,  but  also  those  of  a  number  modifying  one  another,  a  some- 
what different  process  is  found  deeirable.  It  is  ponalble  indeed  to  construct  a  complex  fora 
in  the  way  mentioned  on  p.  4QS,  each  plane  being  laid  off  on  the  given  axes,  and  ila  intenieo- 
tion-edgea  with  adjoining  planes  determined  by  two  points,  always  in  the  nxiul  sections,  which 
it  baa  in  common  with  each.  In  tha  way,  hoKcver,  the  figure  will  Boon  become  so  oomplei 
u  to  be  extremely  perplexing,  and  thus  lead  to  error  and  copsequenl  loss  of  time. 

This  difficulty  is  in  part  avoided  by  the  use  ot  one  projection  ot  the  axes  on  a  laiger  scale, 
Dpon  wUob  tbo  dirootiDna  of  the  inl^ectioo-Unea  are  determined,  while  a  eeoond  ■mallet  ooe^ 
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plMsed  below  and  paxallel  to  it  on  the  same  sheet  of  paper,  is  used  for  the  actoal  drawing  of 
the  crystaL  In  most  cases,  however,  the  crystal  may  be  drawn  as  conveniently  without  the 
use  of  the  second  set  of  axes.  The  size  of  the  figure  may  be  either  that  which  is  to  be  finally 
leqnired,  or,  more  advantageously,  it  maybe  drawn  two  or  three  times  larger  and  then  reduced 
by  photography.  This  method  is  especially  to  be  recommended  when  the  figures  are  finally 
to  be  engfraved  on  wood,  since  from  the  enlarged  drawing  they  may  be  photog^phed  directly 
upon  the  wood  of  any  required  size,  and  thus  a  very  high  degree  of  accuracy  attained. 

AppUeaUon  of  QuenstedVs  Projection.  — The  process  of  determining  the  diiection  of  the 
intersection-edges  is  much  simplified  if  the  principles  of  Quenstedt^s  Projection  (p.  55)  are 
made  use  of.  In  other  words,  the  symbol  of  every  plane  is  so  transformed  that  for  it  ths 
length  of  the  vertical  axis  is  unity.  This  extremity  of  the  vertical  axis  is  then  one  point  of 
intersection  for  all  planes  whatsoever,  and  the  second  point  will  always  lie  in  the  horizontal 
plane,  that  of  the  lateral  axes.  The  change  in  the  symbol  requires  nothing  but  that  the 
i^ymbol,  expressed  in  full,  should  be  divided  by  the  coefficient  of  the  vertical  axis.  The  direc- 
tion  of  each  intersection-edge,  when  determined,  is  transferred  to  the  figture  in  process  of 
construction  by  means  of  a  small  triangle  sliding  against  a  ruler  some  8  inches  in  length.  It 
will  be  fotmd  in  practice  that,  especially  when  this  method  la  employed,  it  is  not  necessary 
to  actually  draw  all  the  lines  representing  each  plane,  but  to  note  simply  the  required  points 
of  intersection.  This  method  and  ii;s  advantages  (Kee  Klein,  Einleitung  in  die  Krystallberech- 
nung,  II.,  p.  887)  will  be  made  clear  by  an  example. 

It  is  required  to  project  a  crystal  of  andalusite  of  prismatio  habit,  showing  also  the  planes 
»-£,!-*,  It,  1,2-2,  1-1,  and  O. 

It  is  evident  that  an  indefinite  number  of  figures  may  be  made,  including  the  planes  men- 
tioned, and  yet  of  very  different  appearance  according  to  the  relative  size  of  each.  It  is 
usually  desirable,  however,  to  represent  the  actual  appearance  of  the  crystal  in  nature,  only 
in  ideal  symmetry,  hence  it  is  very  important  in  all  coses  to  have  a  sketch  of  the  crystal  to 
be  represented,  showing  the  relative  development  of  the  different  planes.  If  this  sketch  is 
made  with  a  little  care,  so  as  to  show  also  the  parallelism  of  the  intersection- edges  in  the 
occurring  zones,  it  will  give  material  aid.  The  zones,  it  is  to  be  noted,  are  a  great  help  in 
drawing  figures  of  crystals,  and  they  should  be  carefully  studied,  since  the  common  direction 
of  the  interseotlon-edge  once  determined  for  any  two  planes  in  it,  will  answer  for  all  others. 


The  first  step  is  to  take  the  projection  of  the  isometric  axes  already  made  once  for  all  on 
ft  oonveniently  large  scale,  and  which,  as  before  suggested,  is  kept  on  a  card  of  large  size, 
and  ready  to  be  pierced  through  on  to  the  paper  employed.  These  axes,  now  of  equal  length, 
must  be  adapted  to  the  species  in  hand.  For  andalusite  the  axial  ratio  is  c  :  6  :  d  =  0*712  : 
1'014  :  1 ;  hence  the  vertical  axis  c  mu»t  have  a  length  *71  of  what  it  now  has,  and  the  lateral 
aaJsone  I'Ol ;  these  required  lengths  are  determined  in  a  moment  with  a  scale  of  equal  parta 

The  next  step  is  to  draw  the  predominating  form;  the  prism  L  Obviously  its  intersection- 
edges  are  parallel  to  the  vertical  axis,  and  its  basal  edges,  intersecting  0,  are  parallel  to  ps^ 
tq  in  the  projection  (f.  820).  The  planes  i-i,  and  t-  2  are  now  to  be  added,  whose  intersections 
with  each  other  and  with  Jare  parvdlel  to  c.  The  position  of  one  edge,  //^2,  having  boeo 
taken,  tiiat  of  the  other  on  the  other  side  is  determined  by  the  point  where  a  line  parallel  tc 
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the  asii  S  meets  the  baMl  tSge  of  the  prbm.     Bimilarlj  the  pontion  of  the  same  prismtti* 
edges  behind  are  given  bj  the  intersectioc  of  lines  fiom  front  to  rear  parallel  to  the  axis  J, 

The  prisms  drawn,  it  remoiiu  to  add  the  terminal  plaaee,  and  ns  they  tbos  mi-dif;  (ma  an- 
ether's  poeition,  thej  are  drawn  tog^ether.  The  requited  intetBeciiim-lioes  are  easily  obtained. 
The  macrodome  1-i  is  the  plane  passing  through  the  point  c  and  intersecting  the  horiientnl 
plane  in  the  line  pag  ;  this  line  is  obviously  the  direction  of  its  intertectioa-edgo  ivith  i-i  and 
with  0.  The  prism  »-2  appears  (f.  820)  as  the  two  lines  mm\  nii;  the  line  mm  produced 
beyond  m  meets  pag  at  e,  this  will  be  one  oommon  point  for  the  two  planes  1-i  and  1-2;  the 
second  comiDon  point  is,  as  always,  the  point  c,  hence  the  line  joining  these  two  points,  tnns- 
feired  to  the  crystal  in  the  wny  described,  gives  the  required  intersection- edge  for  i-2  and  1-1. 
Bimilarly  for  i-i  on  the  right,  the  two  points  of  intersection  are  c,  and  the  point  where  n  n 
and  gap,  produced,  meet,  and  this  gives  the  second  intersectiou-edge.  The  planes  l-<  and  1 
(right)  meet  at  d  and  e  ;  hence  the  line  od  gives  the  direction  of  their  intersection-edge,  nhiok. 
is  also  the  direction  of  that  of  1-3  and  1  (left),  and  of  1  and  2-S.  right  and  left  on  both  sides. 
Still  again,  tlie  plane  2-2  has  the  full  symbol  3;  :  h  :  2l.  ot  i  :  ii  :  d;  and  heuoe  intersects  the 
nurizoctal  plane  <[.  820)  in  the  lines  a>  (right),  at  (left),  and  tig.  ap  (behiud).  Hence  th« 
intersection- edge  of  1.  2-i,  1-1  has  the  direction  of  the  line  joining  the  points  e  and  Ji  (right), 
and  similarly  to  the  left  and  behind.  The  intersection- edge  of  2-i  front,  and  2-2  behind,  hsi 
the  direction  of  the  line  joining  the  points  e  and  x  (right)  and  e  and  g  (left). 

The  method  of  obtaining  the  intersection -edges  of  the  planes  will  be  clear  from  this  ei- 
ample.     Practical  facility  in  drawing  figures  by  this  or  any  olliei 
831  method  is  only  to  be  obtained  by  practice. 

It  will  be  found  that  at  almost  every  step  there  is  an  opportnm^ 
to  test  the  accuracy  of  the  work— thus  every  point  of  intereectijn 
on  the  basal  plane  behind  most  lie  on  a  line  drawn  from  the  cor- 
responding point  in  front  on  the  basal  plane,  in  the  direction  of  Uie 
axis  a ;  so.  too,  the  point  of  intersection  of  2-i  and  /  (front).  3-! 
and  1  (liehind).  on  one  side,  must  be  in  the  line  of  the  horiiontal 
axis  (I)  with  that  on  the  other  side,  and  similarly  in  other  oases. 

If  it  were  required,  as  is  generally  necessary,  to  complete  ths 
form  (f.  821)  below,  it  is  unnecessary  to  obtain  any  new  intersec- 
tion lines,  since  every  line  above  has  itn  correspondinfc  line  oppo- 
site and  parallel  to  it  below.  Moreover,  in  an  otthorhombio  cryi* 
tal  every  point  above  has  a  oorresponding  point  below  on  a  line 
parallel  to  the  vertical  axis.  This,  as  above,  will  serve  as  a  control 
of  the  accuracy  of  the  work. 

There  is  another  mettiod  of  drawing  complex  crystalline  fornu 

which  has  many  advantagfes  and  is  sometimes  to  be  preferred  to 

any  other;  it  can  be  explained  in  a  very  few  words.     After  the 

axes  have  been  obtained  the  diametral  prism  is  oonstruoted  upoo  them.     Upon  the  solid 

angles  of  this  each  plane  of  the  required  form  is  laid  off,  the  edges  being  taken  instead  of  the 


axes.  Suppose  that  1  83d  represents  the  diametral  prism  of  an  orthorhombio  crystal.  Here 
obviously  the  edge  e  =  2i,3  =  2i,i  =  3;.  The  plane  1  {c  :  J  ;  u)  may  be  hiid  oS  on  it  kj 
Uking  bom  the  angle  a  equal  portions  of  the  edges  e,  i,  I,  for  instanoe,  oonvenientlr  OM 
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half  of  each,  heuoe  the  plane  appears  aa  mno.  Again  the  plane  2  (2<; :  3  :  d)  is  laid  off  by  taking 
the  unit  lengths  of  the  edges  S  {b\  and  i  (d)  and  twice  the  unit  length  of  e  (c),  the  plane  it 
then  mnb.  Again,  the  plane  4-2  (4c  :  3  :  2i)  takes  the  position  npb^  since  ap  =  2c,  ap  —  ^3, 
and  an  =  4,  the  ratio  of  the  edges  (axes)  being  the  same  as  in  the  symbol.  So  also  the  plane 
2-3  (2^ :  23  :  a)  has  the  position  rmo^  since  ao  =  c,  am  —  \  and  ar  —  \l^  here,  too,  the 
ratio  of  the  axes  being  preserved.  By  plotting  the  successive  planes  of  the  crystal  iu  this 
way,  each  solid  angle  corresponding  to  an  octant,  the  direction  of  the  intersection-edges 
for  the  given  form  are  at  once  obtain^.  For  example,  the  intersection-edge  for  1,  and  the  basal 
plane,  asalso  for  1  and  2,  it  is  the  line  mn ;  for  1  and  4-2  it  is  the  dotted  line  joining  the  common 
points  u  and  a ;  for  1  and  2-2  it  is  the  Ime  mo ;  for  2  and  4-2,  also  for  2  and  2-2,  it  is  the  line 
joining  the  common  points  /3x 

The  direction  of  the  required  intersection-edges  being  obtained  in  this  way,  they  are  used 
to  construct  the  crystal  itself,  being  transferred  to  it  in  the  usual  way.  In  f .  823  they  have 
been  placed  upon  the  diametral  prism,  and  when  this  process  has  been  completed  for  the 
other  angles,  and,  too,  the  domes  0',  l\  are  added,  the  form  in  f.  824  results. 


On  the  Drawing  ov  Twin  Gbt8TAl& 

Id  order  to  project  a  compound  or  twinned  crystal  it  is  generally  necessary  to  obtain  first 
the  axes  of  the  second  individual,  or  semi* individual,  in  the  position  in  which  they  are  brought 
by  the  revolution  of  ISO"*.  This  is  accomplished  in  the  following  manner.  In  f .  825  a  com- 
pound crystal  of  stauroHte  is  represented,  in  which  twinning  has  taken  place  (1)  on  an  axis 

normal  to  i-l,  and  (2)  on  an  axis  normal  to  f-^.     The  second,  being  the  more  general  case,  is 
of  the  greater  importance  for  the  sake  of  example.    In  f.  825,  ec',  bh\  aa'  represent  the  rect- 

■agnlar  axes  of  staurolite  (c  =  1  -441, 1  =  2112,  (2  =  1).    The  twinning-plane  }-|  (}c; :  -3  :  f2) 
825 


has  the  position  MNB.  It  is  first  necessary  to  construct  a  normal  from  the  centre  O  to  thii 
plane.  1  f  perpendiculars  be  drawn  from  the  centre  O  to  the  lines  MN*,  NR,  MR,  they  will  meet 
them  at  the  points  z,  y^  2,  dividing  each  line  into  segments  proportional  to  the  squares  of  tiie 

adjacent  axes  ;*  or  NiC  :  liix  =  ON* :  OM^.     In  this  way  the  points  2;,  ^,  s  are  fixed,  and  linei 

*  This  is  true  since  the  axial  angles  are  right  angles.  In  the  Honocllnic  System  two  ol 
the  axial  intersections  are  perpendicular,  and  they  are  sufficient  to  allow  of  the  determina- 
tion of  the  point  T,  as  above.  In  the  Triclinio  System  the  method  needs  to  be  slightly 
modified. 
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drawn  from  any  two  of  them  to  the  opposite  angles  R,  K,  or  M  will  fix  the  point  T.     A  liB« 

joining  T  and  O  is  normal  to  the  plane  (MNR  =  f-|).  Furthermore,  it  is  obvious  that  If  a 
revolntion  of  180'  about  TO  take  place,  that  eveiy  point  in  the  plane  MNB  will  remain 
equally  distant  from  T.  Thus,  the  point  M  will  take  the  place  ^(MT  =  T/u),  the  point  b'  tiie 
place  0  (NT  —  T/3'),  and  so  on.      The  lines  joining  these  points  ft,  0^  x,  and  the  common 

centre  O  will  be  the  new  axes  correspondingto  MO,  NO,  RO.  In  order 
to  obtain  the  unit  axes  corresponding  to  e:,  6,  d  it  is  merely  necessary  to 
draw  through  c  a  line  parallel  to  MT/x,  meeting  juO  at  7,  then  tO/'  is  the 
new  vertical  axis  corresponding  to  cOe\  also  $00  corresponds  to  bOb', 
and  aOa  corresponds  to  aOa',  These  t^ee  axes  then  are  the  axes  for 
the  second  individual  in  its  twinned  po&ition ;  upon  them,  in  the  usual  way, 
the  new  fig^ure  may  be  constructed  and  then  transferred  to  ite  proper 
position  with  reference  to  the  normal  crystal. 

For  the  second  method  of  twinning,  when  the  axis  is  normal  to  |-i,  the 
construction  is  more  simple.  It  is  obvious  the  axis  is  the  line  Ox,  and 
using  this,  as  before,  the  new  axes  are  found  ;  kOk'  corresponds  to  eOc' 
(sensibly  coinciding  with  bb),  since  O  A  f-i  =  134''  21',  and  so  on. 

In  many  cases  the  simplest  method  is  to  construct  first  the  normal 
crystal,  then  draw  through  its  centre  the  twinning-plane  and  the  axis  of 
revolution,  and  determine  the  angular  points  of  the  reversed  cu^stal  in 
the  principle  alluded  to  above:  that  by  the  revolution  every  point 
remains  at  the  same  distance  from  the  axis,  measured  in  a  plane  at  right 
angle  to  the  axis. 

Thus  in  f.  827  when  the  scalenohedron  has  been  drawn,  since  the  twinning-plane  is  the 
basal  plane,  each  angular  point,  by  the  revolution  of  180'',  obtains  a  position  equidistant  from 
this  plane  and  directly  below  it  In  this  way  each  angular  point  is  determined,  and  the 
pound  crystal  ifl  completed  in  a  momenta 
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CATALOGUE  OF  AMERICAN  LOCALITIES  OF  MINERALS. 

The  following  catalogue*  may  aid  the  mineralogical  tourist  in  selecting  his  routes  and 
arranging  the  plan  of  his  journeys.  Only  important  localities,  which  have  afforded  cabinet 
specimens,  are  in  general  included  ;  and  the  names  of  those  minerals  which  have  been 
obtained  in  good  specimens  are  distinguished  hy  italics,  the  addition  of  an  exclamation 
mark  (!),  or  of  two  (!I).  indicates  the  degree  of  excellence  of  the  specimens.  Many  of  the 
localities  mentioned  have  been  exhausted,  others  will  now  yield  good  specimens  only  when 
further  explored  with  blasting,  etc.  In  general,  only  those  of  the  localities  mentioned  can 
be  relied  upon  as  likely  to  reward  the  visitor  liberally  where  active  work  is  being  continually 
carried  on. 

MATNR 

Albany. — Beryl!  green  and  black  tourmaline^  fddspar^  rose  quartM^  ratiie. 

Aroostook. — ^JEted  hematite. 

AJiBVRix.—LepidoUte^  amblygowUe  {hdn'onite),  green  tourmalins. 

Bath. — ^Vesuvianite,  garnet,  magnetite,  gn^phite. 

Bethel. — Cinnamon  garnet,  calcite,  sphene,  beryl,  pyroxene,  hornblende,  epidote, 
graphite,  talc,  pyrite,  axsenopyrite,  magnetite,  wad. 

Bingham. — Massive  pyrite,  galenite,  blende,  andalnsite. 

Blub  Hill  Bat. — Arseniial  iron,  molybdenite/  galenite,  apatite/  fluorite/  black  tourma* 
line  (Long  Gove),  black  oxide  of  manganese  (Osgood's  farm),  rhodonite,  bog  manganese, 
wolframite. 

BowDOiN. — Hose  quarts. 

BowDoiNiiAM. — Beryl,  molybdenite. 

Brunswick. — Oresnmica,  garnet/  black  tourmaUne/  molybdenite,  epidote,  cakite,  mus  ' 
woite,  fddspar,  beryl. 

Buckfield. — Garnet  (estates  of  Waterman  and  Lowe),  iron  ore,  mttseovite/  tourmalins! 
magnetite. 

CAiiDAOE  Farbc. — (Near  the  tide  mills),  molybdenite,  wolframite 

Camden. — Made,  galenite,  epidote,  black  tourmaline,  pyrite,  tolo,  magnetite. 

Gaumel  (Penobscot  Go.).— Stibnite,  pyrite,  made. 

GoRiNNA. — Pyrite,  arsenopyrite. 

Deer  Isle. — Serpentine,  verd-antique,  asbestus,  diallage,  magnetite. 

Dexter. — Galenite,  pyrite,  blende,  chalcopyrite,  green  talc. 

Ddcfield. — Native  copperas,  graphite. 

East  Woodstock. — ^Muscovite. 

Farminoton. — (Norton's  ledge),  pyrite,  graphite,  bog  ore,  garnet,  staurolite. 

Frkeport. — Hose  quartz,  garnet,  feldspar,  scapolite,  grapMte,  muscovite. 

Fryeburg. — Oamet,  beryl. 

Georgetown. — (Parker's  island),  beryl/  black  tourmaline. 

Greenwood. — Graphite,  black  manganese,  beryl/  arsenopyrite,  caasiterite,  mica,  rose 
quartz,  garnet,  corundum,  albite,  tiroon,  molybdenite,  magnetite,  copperaa 

*  The  catalogue  is  essentially  the  same  as  that  published  in  the  6th  Edition  of  Dana's  Sys 
tern  of  Mineralogy,  1868.    The  names  of  a  considerable  number  of  new  localities  have  been 
added,  however,  which  have  been  derived  from  various  printed  sources,  and  also  from  privatt 
contributions  from  Prof.  6.  J.  Brush,  Mr.  G.  W   Hawes,  Ifr.  J.  WiUooz,  and  othen. 

See  further  on  pp^  503  to  508. 


474  APPENDIX. 

JlKBUOif.^CtMiterite,  arsenopyrite,  idocrase,  IdpidoUU,  amJb^goniie  [hebronUt)^  ruMUUi 
indicolite,  green  townnaline,  mica^  beryl^  apatite^  aUfiUy  ehUdrenite^  eookeUe, 

J  KWELL' 8  Island. — Pyrite. 

Katahdin  Iron  Won ks.  — Bog-iron  ore,  pyrite,  magnetite,  quartz. 

Lettkb  E,  Oxford  Co. — Staurolite,  made,  copperas. 

Linn  A::  us. — Hematite,  limonite,  pt/riUy  bog-iron  ore. 

Litchfield. — JSodalils,  cancrinite^  dcBolite,  zircon,  spodomene,  mascovlte,  pyrzhotitei. 

LuBEC  Lead  Mines.  -Gaienitey  chaleopyritey  blende, 

Machiaspoiit.— cTcup^r,  epidote,  laumontite. 

Madawaska  Settlements. —  ViviatUte. 

MiNOT.  —Beryl  sinoky  quartz. 

MoNMOUTU. — Actinolite,  apatite,  elaoUtey  zircon,  Btaozolite,  plumose  mica,  bezyl,  mtile. 

Mt.  Abraham. — AndnlusiU^  staurolite. 

Norway. — Chi^aoheryll  molybdenite,  beryl,  rose  quartz,  arthocUue,  cinnamon  garnet. 

ORB'S  Island. — Steatite,  garnet  andalnaite. 

Oxford. — Garnet,  bei-yl,  apatite,  wad,  zircon,  muecovite^  ortliodase, 

Paris. — Green!  red!  black,  and  blue  tourtnaline!  mica!  lepidoUte!  feldspar,  aXbite,  guarU 
erystale !  rose  quartz^  cassiteriie,  amblygonite,  zircon,  brookite,  beryl,  smoky  quartz,  spodu- 
mene,  cookcite,  leucopyrite. 

Parsonspield. —  Vesuvianite!  yeUaw  garnet,  jiargasite,  adviaria^scapolite^  galenite,  blende. 
cbalcopyrite. 

Pbru — GrystalUzed  pyrite, 

PnirrsBUBG. —  YellotD  garnet !  manganesian  garnet,  vesuvianite,  pargasiie,  axinite,  lauman^ 
tUe  !  chabazite,  an  ore  of  cerium  ? 

Poland.  — Vesuvianite,  smoky  quartz,  cinnamon  garnet. 

Portland. — Prehnite,  actinolite,  garnet,  epidote,  amethyst,  calcite. 

PowNAL. — Black  touitnaUne,  feldspar^  scapolite,  pyrite,  actinolite,  apatite,  rose  quarts. 

Raymond. — Magnetite,  scapoUte,  pyroxene,  Upidolite,  tremoUte,  homblendo,  epidote,  oartho- 
oiase,  yellow  garnet,  pyrite,  vesuvianite. 

BocKLAND. — Hematite,  tremolite,  quartz,  wad,  talc, 

RuMPOBD. — yellow  garnet,  vesuvianite,  pyroxene,  apatite,  scapolite,  graphite. 

Rut  LAND.  — Allanite. 

Sandy  River.— Auriferous  sand. 

Sanford,  York  Go. —  Vesuvianite  !  albite,  calmte,  molybdenite,  epidote,  black  toiirma!ine, 
tabradorite. 

Searsmont. — Andalusite,  tourmaline. 

South  Berwick. —Made. 

Standisu. — Columbite  ! 

Streaked  Mountain. — Beryl!  black  tourmaline,  miost,  garnet, 

Thomaston. — Calcite,  trcmoiite,  hornblende,  sphene,  arsenical  iron  (OwPs  head),  black 
manganese  (Dodge's  mountain),  i/iomsonite,  tale,  blende,  pyrite,  galenite. 

TOPSHAM. — Quartz,  galenite,  blende,  tungsUte  ?  beryl,  apatite,  molybdenite,  columbite. 

Union. — Magnetite,  bog-iron  ore. 

Wales. — ^Axmite  in  boulder,  alum,  copperas. 

VfxTE,K^iLi*^—CrystaUized  pyrite, 

Windham  (near  the  \mA^),—8UiurolUe,  spodumene,  garnet,  beryl,  amethyst,  cj^niU^ 
tourmaline. 

WiNSLo  w.  — Cassiterite. 

WiNTHROP. — Staurolite,  p3rrite,  hornblende,  garnet,  copperaa 

Woodstock. — GrapMte,  hematite,  prehnite,  epidote,  calcite. 

YOBK. — Beryl,  vivianite,,  oxide  of  manganese 

NEW  HAMPSHIBE. 

Acworth. — Bei-yHf  mica!  tourmaline,  feldspar,  aXbite,  rose  quartz,  columbite/  cjanite, 
autunite. 

Alstead. — Mica!  !  albite,  bUick  tourmaline,  molybdenite,  andalusite,  staurolitei 

Amherst. —  Vesuvianite,  yeUow  garnet,  pargasite,  calcite,  amethyst,  magnetite. 

Bartlbtt. — Magnetite,  hematite,  brown  iron  ore  in  large  veina  near  Jackson  (on  "  fiald 
face  mountain  "),  quartz  crystals,  smoky  quartz, 

Bath. — Galenite,  chalcopyrite. 

Bedford. — Tremolite,  epidote,  graphite,  mica,  tourmaline,  alnm,  qoarti. 

Bellows  Fali^s. — Oyanite,  staorolite,  wavellite. 

Bbibtol. — Graphite. 
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Cahaah. — Gold  in  pyrites,  garnet. 

Gharlkston. — StauroUU  macUy  andaluHU  made^  bog-iron  ore,  prehnite,  pyanite. 

Gobnibh. — Stibnite,  tetrahedriie,  ruUie  in  guarU  /  (rare),  ataurotitd. 

Groydrn. — loUte  /  ohalcopyrite,  pyrite,  pjrrrhotite,  blonde. 

Ekfibld. — Gold,  galenite,  staurolite,  green  quartz. 

Francbbton. — Soapstone^  arsenopyrite,  quartz  crystals. 

Frakconia. — Hornblende^  stauroUte/  epidote/  zomte,  JiematUe^  magnetite^  black  and  r^ 
manganesian  gamete^  arsenopyrite  {dancUte)^  chaloopyrite,  molybdenite,  prehnite,  green 
quartz,  malachite,  azurite. 

Gilford  (Gunstock  Mt.)> — ^Magnetic  iron  ore,  natiTO  *  loadstone." 

GosOEN. — Qrap^dte,  black  tourmaline. 

GiiiUANTOWN.— Tremolite,  epidote,  musoovite,  tourmaline,  Umonite,  red  and  yellovr 
quarts  oiystals. 

Grafton. — ARea  /  (extensively  quarried  at  Glass  Hill,  2  m.  S.  of  Orange  Summit),  aibite  f 
blue,  green,  and  yellow  heryU!  (1  m.  S.  of  O.  Summit),  tourmaUne^  garntts^  triphyUte,  apa^ 
ate,  nuorite. 

Gbanthaic—  Oray  ttauroUU! 

Groton. — ^Arsenopyrite,  blue  beryl,  muscovite  crystals. 

Hanovkr. — Garnety  a  boulder  of  quartz  containing  rz^^iife  /  Ma^  tourmaUne^  quartz^  cych 
nU&,  labradorite,  epidote. 

Haverhill.— C^am^.^  anenopyrUSy  native  arsenio^  galenite,  blende,  pyrite,  chalcopy- 
rite,  magnetite,  marcasite,  steatite. 

HiLLSBORo'  (Ganipbeli^s  mountain). — Graphite. 

Hinsdale. — BhodonUe^  black  oxide  of  manganese,  molybdenite,  indicolite,  black  tour* 
maline. 

Jackson.— Drusy  quartz,  tin  ore,  arsenopyrite^  native  arsenic,  fluorite,  apatite,  magnetUe^ 
molybdenite^  wolframite,  chalcopyrite,  arsenate  of  iron. 

Jaffbby  (Dionadnock  Mb.). — Cynnite,  limonite. 

Kbbnb. — Graphite^  soapstone,  milky  quartz,  rose  quartz. 

Landaff. — Molybdenite^  lead  and  iron  ores. 

Lebanon. — Bog-iron  ore^  arsenopyrite,  galenite,  magnetite,  pyrite. 

Lisbon. — StauroUte,  black  and  red  garnets^  granular  magnetite^  fiorTiblende,  epidote,  tairite^ 
hematite,  arsenopyrite,  galenite,  gold,  ankerite. 

Littleton. — Ankerite,  gold,  bomite,  cholcopyrite.  malachite,  menaccanite,  chlorite. 

Ltman. — Gold,  arsenopyrite,  ankerite,  dolomite,  galenite,  pyrite,  copper,  pyrrhotite. 

Lthb. — Cyanite  (N.  W.  part),  blaek  tourmaline^  rutile,  pyrite,  chalcopyrite  (E.  of  £.  vil* 
lage),  stibnite^  molybdenite,  cassiterite. 

Madison. — Galenite^  blende^  chalcopyrite,  limonite. 

Merrimack. — Eutile/  (in  gneiss  nodules  in  granite  vein). 

Ma>DLBTOWN.  —liutHe. 

MONADNOCK  Mountain. — ^Andalusite,  hornblende,  garnet,  graphite,  tourmoliney  ortho- 
clase. 

MoosiLAUKE  Mt. — TourmaUne. 

MouLTONDOROUon  (Red  Hill). — Hbmbendey  bog  ore,  pyrite,  tourmaline. 

Newinoton. — Garnet,  tourmaline. 

New  London.— Beryl,  molybdenite^  musoovite  ciystals. 

Newport. —Holy  bdenite. 

Orange. — Bliie  beryUI  Orange  Summit,  chiysoberyl,  mica  (W.  side  of  mountain),  apatiie» 
galenite,  limonite. 

Orford. — Broion  tourmaline  (now  obtained  with  difficulty),  steatite,  rutile,  cyanite,  brown 
iron  ore,  native  copper,  malachite,  galenite,  garnet,  graphite,  molybdenite,  pyrrhotite,  mela- 
conite,  chalcodte,  ripidoUte. 

Pblham  . — SteatiU, 

PiERMONT. — Micaceous  iron,  barite,  green,  white,  and  bxown  mioa,  apatite,  titanic  iron. 

PLTMorrrH.— Golumbite,  beryl. 

SiCMHOND.— /0^/  rutile,  steatite,  pyrite,  anthophyllite,  tala 

Rye. — Ghiastolite. 

Saddleback  Mt. — Black  tourmaline,  gramet,  spineL 

Shei.burne. — Galenite,  black  blende,  ehai^xfpyrite,  pyrite^  pyrolusite. 

Sfrinofibld.— Beryls  (very  large,  eight  inches  diameter),  manganesian  garnets  I  UaA 
UmrmaUne  !  in  mica  slate,  aXMie^  mica. 

Sullitan. — Tourmaline  (black),  in  quartz,  beryL 

Surrey. — Amethyst,  oalcite,  galenite,  limonite,  tourmaline. 

SWANXEY  (near  Keene). — Magnetic  iron  (in  maoneo  in  granite).  . 
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Tajc^orth  (near  White  Pond).— Gklenite. 

Ukitt  (estate  of  James  Neal). — Copper  and  iron  pyrites^  chJtorophiflUte^  green  mba^ 
ated  aetinoUte,  garnet,  titaniferaus  iron  ore,  magneiite,  tourmaline. 

Walpole  (near  Bellows  Falls). — Made,  staoroUte,  mica,  graphite. 

Ware.— Graphite. 

"WARiiKN.—G/uileopyrite,  blende,  epidote,  qnartz,  pyriie^  tremoUte,  gcdeniU^  rutHe,  tdtOf 
molybdenite,  cinnamon  stone  I  pyroxene,  hornblende,  heryl^  cyanite,  tourmaline  (massive). 

Waterville. — Labradorite,  dirysolite. 

Westhoreland  (south  part). — Molybdenite!  apatite!  blue  fddepar^  bog  manganese  (north 
village),  quartz,  fluorite^  chalcopyrite,  oxide  of  molybdenum  and  uranium. 

White  Mts.  (Notch  near  the  ^'Crawford  House *').— Green  octahedral  fluorice,  q[aarta 
orystals,  black  tourmaline,  chiastolite,  beryl,  calcite,  amethyst,  amazonstoue. 

YfiLMorc.— Beryl 

Winchester. — Pyrolusite,  rhodochrosite,  psilomelane,  magnetite,  granular  quaxts,  qiodu- 
mene. 

VERMONT. 

Addison. — Iron  eand^  pyrite. 

Alburgh. — Quartz  crystals  on  calcite,  pyrite. 

Athens. — Steatite^  rJiomb  epar^  actinolite,  garnet. 

Baltimore. — SerpenUne^  pyrite! 

Barnet.— Graphite. 

Bblyiderb. — Steatite,  chlorite. 

Bennington. — Pyrolueite,  brown  iron  ore,  pipe  clay,  yellow  ochie. 

Berkshire. — Bpidote,  hematite^  magnetite. 

Bethel. — ActinoUte!  talc,  chlorite,  octahedral  iron,  rutile^  brown  ipar  in  steatite, 

Brandon. — Braunite,  pyrolusite,  psilomdane^  limonite,  lignite,  white  day,  statnazy 
marble  ;  fossil  fruits  in  the  lignite,  gfraphite,  chalcopyrite. 

Brattleborouoh. — Black  tourmaline  in  quartz,  mica,  zoisite,  rutile,  actinolite,  scapolite, 
spodumene,  roofing  slate. 

Brtdgewater. — Tah^  dohmite,  magnetite,  steatite,  chlorite,  gold,  native  copper,  blende, 
galenite.  blue  spinel,  chalcopyrite. 

Bristol. — MutUe,  limonite,  manganese  ores,  magnetite. 

Brookfield. — Arsenopyrite,  pyrite. 

Cabot. — Garnet,  staurolite,  hornblende,  albiie, 

Gastleton. — Hoofing  i^ate^  jasper,  manganese  ores,  chlorite. 

Cavendish. — Garnet,  serpentine^  tale,  steatite^  tourmaUne,  asbeBtvSy  tremoUte, 

Chester. — Aibestus,  feldspar,  chlorite,  gtiarUt. 

Chittenden. — Psilomelane,  pyrolusite,  brown  iron  ore,  hematite  and  magnetite,  galenite, 
lolite. 

Colchester. — Brown  iron  ore,  iron  sand,  jasper,  alum. 

Corinth. — Chalcopyrite  (has  been  mined),  pyrrhotite,  pyrite,  rutile,  quartz. 

Co  VRNTRY. —Rhodonite. 

Craftsbitrt. — ^Mica  in  concentric  balls,  calcite,  rutile. 

Derbt. — Mica  (iidamsite). 

Dummerston.— Rutile,  roofing  slate. 

Fair  IIaten.  —Hoofing  slate,  pyrite. 

Fletcher. — Pyrite,  magnetite,  acicular  tourmaline. 

Grafton. — The  steatite  quarry  referred  to  Grafton  is  properly  in  Athens ;  (jVArft^  aoti« 
aolite. 

Guilford. — Soapolite,  rutile,  roofing  slate. 

Hartford. — Calcite,  pyrite!  cyanite  in  mica  slate,  quartz,  tourmaline. 

Irasburgh. — ^Rhodonite,  psilomelane, 

J  AY, -^Chromic  iron,  serpentine,  amianthus,  dolomite. 

Lo\VEi<L. — PicroRmine,  amianthus,  serpentine,  ceroUte,  talc,  chlorite. 

Marlboro'. — Wumib  spar,  steatite^  garnet,  magnetite,  chlorite. 

Mendon. — Magnetic  iron  ore. 

Middles  URT.  —Zircon. 

Middlesex.— Rutile !  (exhausted). 

Monkton.  —Pyrolusite,  brown  iron  ore,  pipe  clay,  feldspar. 

MoRiTTOWN.— 6'moA:y  quartz!  steatite,  talc,  wad,  rutile,  serpentine. 

MoRRisTO  WN.  — Galeni  te. 

Mount  Holly.— il«6MtM«,  chlorite. 

New  FANB.—Olassy  and  asbesUfo}*m  aetinoUte,  steatUe^  grem  quartz  (called  ohryiapmi 
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at  the  locality),  ohaloedony,  drasy  quartz,  garnet,  ehroinio  and  tUante  iron,  rhomb  9par^ 
■erpentine,  rutUe. 

j!foRwicn.—Aet£noUt6^  feldspar^  brown  ftpar  in  talo,  cyonite,  zoisite,  chaloopyrite,  pyrita 

PiTTSPoiiD.  — Brown  iron  ore,  manganese  ores. 

Plymouth. — Siderite,  magnetite,  hematite,  gold,  galenite. 

Plympton. — Massive  hornblende. 

Putney. — Fluorite,  brown  iron  oj'e,  rutile,  and  zoisite,  in  boulders,  stanrolita 

Reading. — GUissy  actindite  in  talc. 

Readsboro'. — Ulassy  actinolite,  steatite,  hematite. 

RiPTON. — Brown  iron  are,  angite  in  boulders,  octahedral  pyrite. 

RocuESTER. — Rutile,  hematite  cryst.,  magnetite  in  chlorite  slate. 

Rockingham  (Bellows  Falls). — Cyanite,  indicolite,  feldspar,  tourmaline,  flnorito,  caustt, 
ffiehnite,  staurolite. 

RoxBURY. — Dolomite,  tale,  serpentine,  asbestus,  quartz. 

Rutland. — Magnesite,  white  marble,  hematite,  serpentine,  pipe  clay. 

Salisbury. — Brown  iron  ore. 

Sharon. — Quartz  erystais,  cyanite. 

Shoreham. — Pyrite^  black  marble,  oalcite. 

Shrewsbury. — Magnetite  and  chalcopyrito. 

Starksboro'. — Brown  iron  ore. 

Sthiling. — Chalcopyrite,  talc,  serpentine. 

Stogkbridgb  — Arsenopyrite,  magnetite. 

Strafford. — ^Magnetite  and  cJiatcopyrite  (has  been  worked),  native  copper,  hornblende, 
copperas. 

Thbtford.— Blende,  galenite,  oyarUte,  chrysolite  in  basalt,  pyrrhotite,  feldspar,  roofing 
date^  tteatite,  garnet. 

Townshend. — ActinoUte^  black  mica,  talo^  steatite,  feldspar. 

Troy. — Magnetite,  talc,  serpentine,  picrosmine,  amianthus,  steatite,  one  mile  southeast  of 
village  of  South  Troy,  on  the  farm  of  Mr.  Pierce,  east  side  of  MLssisoo,  chromito,  zaratius. 

Vbrshire. — Pyrite,  chalcopyrite,  tourmaline,  arsenopyrite,  quartz. 

Wardsboko'.—  Zoisite,  tourmaline,  tremdite,  hematite. 

Warren. — Actinolite,  magnetite,  wad,  serpentine. 

Waterbury. — Arsenopyrite,  chalcopyrite,  rutile,  quartz,  serpentme. 

Waterville. — Steatite,  actinolite,  talc. 

Weathersfibld.  —Steatite,  hematite,  pyrite,  tremolite. 

Wells'  River.— Graphite. 

Westfield. — Steatite,  chromite,  serpentine. 

Westminster. — Zoisite  in  boulders. 

Windham. — Glassy  aetinoUte,  hteatite,  garnet,  serpentine. 

Woodbury. — ^Massive  pyrite. 

Woodstock.  ^Quartz  crystals,  garnet,  zcisite. 

MASSACHUSETTS. 

Alford. — Galenite,  pyrite. 

Athol. — AUanite,  fibrolite  (?),  epid/fte/  babingtonite  ? 

Auburn. — Maeonite, 

Barrr. — Rutile!  mica,  pyrite,  beryl,  feldspar,  garnet 

Orb  AT  Barrinoton. — TremoUte, 

Bedford.— Oamet. 

Bblche  rton. — Allanite. 

Bbrnardston.  — Magnetite. 

Beverly. — Columbite,  green  feldspar,  cassiterite. 

Blanford. — Serpentine,  anthophyllite,  actinolite!  chromite,  qyBiiit3,  rose  quarts  in 
boulders. 

Bolton. — ScapolUe  !  petaHte,  sphene,  pyroxejie,  nttttaUte,  diopside,  boUonite,  apatite,  mof- 
nesite,  rhomb  spar,  allanite,  yttroeerite!  cerium  ochre  ?  (on  the  scapolite),  spmel. 

BoxBOROUGH. — ScapoUte,  spinel,  garnet,  augite,  actinolite,  apatite. 

Brighton. — Asbestus. 

Brim  field  (road  leading  to  Warren). — lolite,  adularia,  molybdenite,  mica,  garnet. 

Carlisle. — Tourmaline,  garnet!  seapoUte,  actinolite. 

Charlbstown.  —Prdmite,  laumontite,  stUbite,  chabazite,  quartz  oryBtals,  melanolite. 

OoKLiiBFonD, "ScapoUte    (ohelmafonUte),    chondrodite,    blui  spind^    aminnVius! 
qoazte. 
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CUKOTUH. — Eaniblende,  ieapdUte,  eoisUe^  tpodumene^  indieoUte,  apatite,  magnetite,  ehio^ 
mite,  Btilbite,  bealandite,  aniuciie  and  chabazite.  At  the  Emexy  Mine,  Chester  Factorie&— 
Corundum^  margarite,  diaspore^  epidote,  comndopbilite,  chloritoid,  toarmaline,  menaccat^ 
He  /  mtile,  biotite,  indianite  ?  andesite  ?  cyaniU^  amesite. 

CHESTRBFiELD. — Ru€^  Qveen^  and  red  tourmaline^  eleav^ndite  (albite),  lepidolite,  $mok§ 
guartZy  microlite,  gpodumene,  cpanite^  apatite,  rose  beryl^  garnet^  quartz  crystals^  stat*roliU 
co«iterite,  eciumhite^  zoiaite,  nranite,  brookite  (eumanite),  echeelite,  anthophyllite,  boiuite. 

CONWAT.— Pyrolasite,  fluorite,  zoioite,  rutile  !  !  native  alum,  galenite. 

GuMMraGTON. — Rhodonite!  cammingtonite  (hornblende),  inarcaidte,  garnet, 

Dbdiiam. — Asbeatna,  galenite. 

Dbbrfield. — Chabazite,  henlandite,  stilbite,  amethjst,  camelian,  chalcedony,  agtitt. 

FrrcnBURa  (Pearl  Hill). — BeryU  etauroUtel  garnets,  molybdenite. 

FoxBOROuon. — Pyrite^  anthracite, 

Fbanklik.  — Amethyst. 

QosnEN. — Micn^  aUnie^  epodumenef  hive  and  green  tourmaUney  beryls  eoitdtey  smoky  quaztii 
oolambite,  tin  ore,  galenite,  beryl  (goahenite),  pihlite  (cymatolite). 

Greenfield  (in  sandstone  quarry,  half  mile  east  of  village). — ^Allophane,  white  and 
greenish. 

Hatfield. — Barite,  yellow  qnartz  ctystals,  galenite,  blende,  chaloopyrite. 

Hawlet. — Afieaceous  iron^  massive  pyrite,  magnetite,  zoisite. 

Heath. — Pyrite^  zointe. 

Hinsdale. — Brown  iron  ore,  apatite,  zoisite. 

HuBBARDSTON.  — MnsHve  pyrite. 

Lancasteii. — Cyanitey  ehiastolitef  apatite,  stanrolite,  pinlte,  andalositeu 

Lee. — Tremolite!  iiphene!  (east  part). 

Lenox. — Brown  hematite,  gibb6ite(?) 

Leyerett. — Barite,  galenite,  blende,  chalcopyrite. 

Letdek. — Zoittite,  rutile. 

Littlefi ELD.— Spinel,  scapolite,  apatite. 

Ltnnfield. — Magnesite  on  serpentine. 

Martra'b  Vineyard. — Brown  iron  ore,  amber,  selenite,  radiated  pyrite. 

MB2n>ON.— J/tca/  chlorite. 

MiDDLEFiELD. — Glossy  octinoUtey  rhomb  spar,  steatitey  eerpentiney  fddspary  drosy  qoazts, 
apatite,  zoisite,  nacrite,  ^aloedony,  tale/  deweylite. 

yiihuVRY.—VermicitUte, 

Montague.  —Hematite. 

Newbury. — Serpentine,  chrjrsotile,  eptdote,  massive  garnet,  siderite. 

Nbwburypout. — JSerpentiney  nemaUte,  nranite. — Argentiferoas  galenite,  tetzahedrita, 
ofaaloopyrite,  pyrargyrite,  eta 

New  Braintree. — l^ek  tourmaline. 

'NoKvricii.^ Apatite/  black  tourmaUney  beryl,  spodumene/  triphyUte  (alteired),  bleikle, 
quartz  ciystals,  cassiterite. 

NoRTHFiELD. — ColumbitCy  fibrolite,  ryanite. 

Palmer  (Three  Rivera). — Feldspar y  prehnite,  calc  spar. 

Pelram. — Afihestus,  serpentine,  quartz crystalSy  beiyl,  mciybdenitSy  green hornstoney  epidote, 
amethyst,  coiTindam,  vermionlite  (pelhamite). 

Plainfield. — Cummingtonitey,  pyrotusitCy  rhodonite, 

RicnMOND. — Brown  iron  ore^  gibbsite/  aUophans. 

BocRPORT. — JJanalite^  eryophyUitCy  annitCy  eyrtoUte  (altered  ziroon),  green  and  toliite  orthth 
dose. 

Bo  we. — Epidote,  tala 

South  Royalston.— j5<07^^^  /  (now  obtained  with  great  difficulty),  mica  1 1  feidsparl 
allanito.  Four  miles  beyond  old  loc.,  on  farm  of  Solomon  Hey  wood,  mica  I  beryl!  jMsjparl 
menaocanite. 

BUBSEL.— Schiller  spar  (diallage  f),  micay  serpentine,  beryl,  galenite,  ohalcopyzite. 

Salem. — In  a  boulder,  cancrinite,  sodalite,  cdnolite. 

Sauguis. — Porphyry,  jasper. 

Sheffield. — AnbestuSy  pyrite,  native  alum,  pyrolusite,  rutile. 

Shblburne.— Rutile. 

Bhxttesbury  (east  of  Lockers  Pond). — Molybdenite, 

f^OUTHAMPTON. — OaUnite,  cerussite,  anglesite,  wuifenite,  Unoritey  barite,  pyrite,  ohaloopy> 
cite,  blende,  corneous  lead,  pyromorphite,  stolzite,  chrysocolla. 

Sterling. — tipodumenCy  ehiastoUtey  siderite^  arsenopyxite,  blende^  galenite,  ehaloopyriie 
Pfiite,  sterlingite  (damourite). 

WtomaauM.—-ircphriU, 
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&rUBLBBll}QR,^0rap7i%te^  ^met,  apatite,  bog  ore. 

SWAMPSCOT.— Or^aY«,  fel^or. 

Taukton  (one  mile  Ronth). — Paracolumbite  (titanio  iron). 

TuRNER^s  Falls  (Conn.  River).— Cholcopyrite,  prebnite,  cblorite,  chloTOiJuciU^  sideriic 
malacbite,  magnetic  iron  sand,  antbradte. 

Ttbino HAM.— Pyroxene,  scapolite. 

UxBRIDOE. — Galenite. 

Wabwick. — Mamte  garnet^  radiated  black  Umi^maliney  magnetiUj  beryl,  epidote. 

WAsniNOTON. — Graphite. 

Wbstfield. — Schiller  iipar  (diallage),  serpentine,  steatite,  cjanite,  scapolite,  actinolite. 

Webtpord. — Andidusite  ! 

Webt  Hampton. — Galenite,  argentine,  pseudomorpJums  quartz. 

West  Springfield. — Pre/mite,  ankerite,  satin  spar,  celestite,  bitaminons  coal. 

"West  Stockbridoe. — Hematite,  fibrous  pyrolasite,  siderite. 

"Whately. — Natice  copper,  galenite. 

Willi AMSBURQ.  — Zoudte,  pseudomorpbous  quartz,  apatite,  rose  and  smoky  quartz,  g^enito 
pjiolnaite,  chalcopyrite. 

W1LLLA.M8TOWN.— 6Vyj?t.  gttartx, 

WiimsoR. — Zoutite,  actinolite,  rtitHef 

Worcester. — Arsenopyrite,  idocrase,  pyroxene,  garnet,  anxianthiiBy  bncbolzite,  siderito, 
galenite. 

WoRTmNGTON. — Cyanite, 

ZOAB.— Bitter  spar,  talc 

BHODE  ISLAND. 

Bristol.  — Amet7iyst 

Coventry. — Mica,  tonimaline. 

Cranston.  —Actinolite  in  talo,  grapbite,  cyanite,  mica,  melanterite,  bog  iron. 

Cumberland. — Manganese,  ipidotf,  actinolite,  garnet,  titaniferons  iron,  magnetite,  red 
bematite,  cbalcopyrite,  bomito,  malacbite,  azarite,  calcite,  apatite,  feldspar,  zoisite,  mioa, 
quartz  crystals,  ilvaite. 

Diamond  Hill. — Qaartz  crystals,  bematite. 

FopTER. — Gi/nnlte,  bematite. 

Oix)UCESTEr.  — Magnetite  in  cblorite  slate,  feldspar. 

JoHNSTO.v. — Talc,  brown  spar,  calcite,  garnet,  epidote,  pyiite,  bematite,  magnetite,  cbal- 
copyrite, malacbite,  azurite. 

Lms  Rock. — Calcite  crystals,  qaartz  pyrite. 

Lincoln. — Calcite  dolomite. 

Natic. — See  Warwick. 

Newport. — Sorjtentine,  quartz  crystals. 

Portsmouth. — Ant/iracite,  grapbite,  asbestns,  pyrite,  cbaloopyrite. 

Smithpield. — Dolomite,  calcite^  bitter  spar,  siderite,  nacrite,  serpentine  (bowenite),  tremo- 
lite,  asbestus,  quartz,  magnetic  iron  in  cblorite  slate,  talc/  octabedrite,  feldspar,  beryl. 

Valley  Falls. — Grapbite,  lurrite,  bematite. 

Warwick  (Natic  village). — Masonite,  garnet,  grapbite,  bog  iron  ore. 

Westerly  . — Men  accanite  • 

WooNSOCKET. — Cyanite. 

CONNECTICUT. 

Bbblin. — Barite,  datolite,  blende,  quartz  crystals. 

Bolton.  — Stanroli te,  cbaloopyrite . 

Bradleytille  (Litcbfield).— Laumontite. 

Bbiotol. — Chaicodtel  chakopyrite,  barite,  bornite,  talo,  aUophane,  pyromorpbite,  eakiity 
malachite,  galenite,  quartz. 

Bbookfield. — Galenite,  calamine,  blende,  spodumene,  pyrrbotite. 

Canaan. — TremdUe  and  wbite  augit-e  !  in  dolomite,  canaanite  (massiye  pyroxene). 

Chatham. — ^Arsenopyrite,  smaltite,  cbloantbite  (ebatbamite),  acorodite,  niccolite,  heryl^ 
ttythiite. 

Cheshibb.— Bariftf,  efidhoeite,  bonUte  cryst^  tnaloMte,  kaolin,  natrclite,  prebnite,  duib* 
lite,  datolite. 

0BxnKR.^8iUimanite/  zircon,  epidott. 
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Cornwall.  —  ChrapMie^  pyraxeney  acUnolUe^  tpJiene^  RcapoUte. 

Danboiiy. — JDanburite,  oligoclasdy  moonstone,  brown  toormalme,  orthodaM,  pyiOKan^ 
parathorite. 

Farminotok. — Prehnits,  ckahazUe,  agate,  native  copper ;  in  trap,  diabarUite, 

Granby.— Green  malachite. 

Greenwich. — Mack  tourmaline, 

Haddam. — CJirysoheryi  J  beryl!  epidote/  tourmaline !  feldspar^  garnet !  ioUte/  oUgyiaae, 
ehiarophylUte!  automolUey  magnetite,  adularia,  apatite,  eolumbite/  (hermannolite),  sirooa 
(caljptolite),  mica,  pjrite,  marcasite,  molybdenite,  allanite,  bismuth,  biamntb  ochre,  biamu- 
tite. 

Hadlyhe. — Chabazite  and  stilbite  in  gneiss,  with  epidote  and  garnet. 

Hartford.— Z^^^^tf  (Bocky  Hill  quarry). 

Kent. — Brown  iron  ore,  pyrolnsite,  ochrej  iron  ore. 

LiTcnPiKLD. — Cyanite  with  corundum,  apatite,  and  andalusite,  menaecanUe  (washiz^rtoaL' 
tte),  chalcopyrite,  diaspore,  niccoliferous  pyrrhotite,  margarodite. 

Lyme. — Garnet,  sunstone. 

Mbriden.  — Datolite. 

HiDDLEFiELD  FALLS. —Datollte,  chlorite.  etc.,  in  amygfdaloid. 

MiDDLETOWN. — Mtca,  lepidolUe  with  green  and  red  tourmaline,  €Ubite,  fddepar,  eotumbiUl 
prehnite,  garnet  (sometimes  octahedral),  beryl,  topaz,  uranite,  apatite,  pitchblende ;  at  lead 
mine,  galenite,  ehalcopyrite,  blende,  quartz,  caldte,  fluorite,  pyrite,  sometimes  capillary. 

Milford. — Sahlite,  pyroxene,  asbestua,  zoisite,  verd-antique,  marble,  pyrite. 

New  Haven. — Ser(>entine,  asbestus,  chromic  iron,  sahlite,  stilbite,  prehnite,  chabaaite. 
gmelinite,  apophyllite,  topazalite. 

Newtown. —  Cyanite,  diaspore^  rvtHe,  damourite,  cinnabar. 

NpRWicu. — SUlinmnite,  monazite  !  zircon,  ioUte,  corundum,  feldspai; 

Oxford,  near  Humphreysville. — Cyanite,  chalcopyrite. 

Plymouth. — Galenite,  heulandite.  fluorite,  eJilorophyUite  !  garnet. 

Beading  (near  the  line  of  Danbury). — Pyroxene,  garnet. 

Roaring  Brook  (Cheshire). — Datolite/  calcite,  prehnite,  saponite. 

BoxBURY. — JSidcrite,  blende,  pyrite!  I  galenite,  quartz,  chalcopyrite,  azaenopyrite,  limoD- 
la. 

Salisbury. — Broion  iron  ore,  ochrey  iron,  pyrolusite,  triplite,  turgite* 

S  AYR  ROOK. — Midybdenite^  stilbite,  plumbago. 

Seymour. — Native  bismuth,  arsenopyrite,  pyrite. 

SiMSBURY. — Copper  glance,  green  malachite. 

Soutiibury. — Rose  quartz,  lanmontite,  prehnite,  calcite,  barite. 

SoUTHINGTON. — Barite,  datolite,  asteriated  quartz  crystals. 

Stafford. — Massive  pyrites,  alum,  copperas. 

Stonington. — Stilbite  and  diabazite  on  gneiss. 

Tar  iff  ville.  — Datolite. 

THATcnERsviLLE  (near  Bridgeport). — Stilbite  on  gneiss,  babingftonite ? 

Tolland. — Staurolite,  massive  pyrites. 

Trumbull  and  Monroe. — CJdoropliane,  topaz,  beryl,  diaspore,  pyrrhotite,  pyrite,  nioco- 
lite,  scheelite,  leolframile  (psendomorph  of  scheelite),  rutile,  native  bismuth,  tangstio  aoid, 
•iderite,  mispickel,  argentiferous  galenite,  blende,  scapolite,  tourmaline^  garnet,  albite, 
angite,  graphic  tellurium  (V),  margarodite. 

Washington. — Triplite,  menaccanite!  (washingtonite  of  Shepard),  rhodoohzoalte,  oatto- 
lite,  andalusite  (New  Preston),  cyanite. 

Watertown,  near  the  Naugatuck. — ^White  sahlite,  monadte. 

West  Farms.— Asbestus. 

WiLLiMAKTic. — Topaz,  monoMits,  ripiddUte. 

WiNCnESTER  and  Wilton. — Asbestus,  garnet. 


NEW  YOBK, 

ALBANY  CO. — Bethlehem. — Calcite,  stalactite,  stalagmite,  calcareoas  nnter,   anowy 
gypsum. 

CoBYMAN^s  Landing. — Gypsum,  epsom  salt,  quarts  crystals  at  Crystal  Hill,  three  milei 
■outh  of  Albany. 

QuniDRRLAND. — Petroleum,  anthracite,  and  oalcite,  on  the  banks  of  the  Norman^a  Kill 
two  miles  south  of  Albany. 

Watbeyliet. — QuartM  crystals,  yellow  dnasj  quarta. 
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ALLEGHANY  00. — Ouba. — OaloureoiiB  tnta,  petroleum,  8i  miles  from  the  Yillage. 

CATTARAUGUS  CO.— Frkkdom.— Ptftrofettm. 

CATUGA  CO.— AxTBUBN. — Celestite,  calcite,  fluorspar,  epsomite. 

Cattjoa  Lake. — Sulphur. 

LuDLOwviLLE. — ^Epsomite. 

Union  Spkinos. — Sdenite^  gypsum. 

Sfrinoport. — At  Thompsou's  plaster  beds,  tulphur!  $denit6, 

Sprinoyillu. — Nitrogoii  springs. 

CLINTON  CO. — Arnold  Iron  lUis^— Magnetite^  epidote,  molybdenite. 
FmcH  Orb  Bed. — CaicUe^  green  and  purple  fluor. 

OHATAUQUE  CO.— Frsdonia.— PdtfvfwTfi,  carbureted  hydrogen. 
Laona.  — ^Petroleum. 
Sheridan.  —Alum. 

COLUMBIA  CO.— AasTERLTTZ.- JSSIsr^y  mangane$ey  wulfenite,  chaloooite ;  Livin^skn 
lead  mine,  vitreous  silver  f 

Chatham. — Quartz,  pyrite  in  cubio  crystals  in  slate  (Hillsdale). 

Canaan. — Choloocite,  chaloopyrite. 

Hudson. — Epidote,  sdenitel 

New  Lebanon. — Nitrogen  springs,  graphite,  anthracite ;  at  the  Aucram  lead  mine,  galen* 
ite,  barite,  biende^  ictUfenUe  (rare),  ohalcopyrite,  calcareous  tufa ;  near  the  city  of  Hudson, 
epsom  salt,  brown  spar,  toad 

DUTCHESS  CO.— AiCBNiA.— Dolomite,  UmonUe^  turgite, 
BscKMAN.  — Dolomite, 

Dover. — ^Dolomite,  tremoUte,  garnet  (Foas  ore  bed),  staurolite,  Umonite. 
FisnKiLL. — Dolomite;  near  Peckville,  talc,  asbestus,  graphUe^  hornblende^  angite,  adino- 
lite,  hydrous  anthophyllite,  Umonite. 
North  East. — Chalcocite,  chaloopyrite,  galenite,  blende. 
Pawling.  — ^Dolomite. 

Bhinebgck. — Calcite,  green  feldspar,  epidote,  tourmaline. 
Union  Vale. — ^At  the  Clove  mine,  gibbsite^  Umonite, 

ESSEX  CO. — Alexandria. — Kirby^s  graphite  mine,  gr opiate^  pyroxene^  eeapdUte^  sphene^ 

Crown  Point. — Apatite  (eupyrchroite  of  Emmone)^  brown  tourmaline!  in  the  apatite, 
chlorite,  quartz  crystals,  pink  and  blue  calcite,  pyrite ;  a  short  distance  south  of  J.  C.  Ham- 
moud^R  house,  garnet^  ecapoiitey  chaloopyrite,  aventurine  fddspar^  zircon,  magnetie  iron  (Peru), 
epidote,  mica. 

Kerne. — Scapolite. 

Lewis. — Tabular  spar,  eolophonite,  garnet,  labradorite,  hornblende,  actinolite;  ten  milea 
south  of  the  village  of  KeesevUle,  mispickel. 

Long  Pond. — Apatite,  garnet,  pyroxene,  idocrase,  eoccoUte!  I  scapolite,  magnetite,  blue 
ealdte. 

McInttre. — Labradorite,  garnet,  magnetite. 

MoRiAH,  at  Saudford  Ore  Bed. — Magnetite,  apatite,  aUanitef  lanthanite,  actinolite,  and 
feldspar ;  at  Fisher  Ore  Bed,  magnetie  iron,  feldspar,  quartz ;  at  Hall  Ore  Bed,  or  **  New  Ore 
lied,^*  magnetite^  zircons ;  on  Mill  brook,  caieite,  pyroxene,  hornblende,  albice ;  in  the  town 
of  Moriah,  magnetite,  black  mica  ;  Barton  Hill  Ore  Bed,  aVbite. 

Nbwoomb. — Labradorite,  feldspar,  magnetite,  hypersthena 

Port  Hbnrt. — Brown  tourmaline,  mica,  rose  quarts,  serpentine^  green  and  blaek  pyroxene, 
hornblende,  eryst,  pyrite,  graphite,  wollastonite,  pyrrhotite,  adularia;  phlogopite!  atCheevei 
Ore  Bed,  with  magnetite  and  serpentine. 

BoGER's  aocK.— Graphite,  wollastanite,  garnet,  colophonite,  feUbpar,  advUansL,  pyroxene, 
tpJiene,  cocoolite. 

SCHROON. — CkUoite,  pyroxene,  ehondrodite. 

TiGONDSROOA. — Graphite!  pyroxene,  sahUte,  sphene,  black  tourmaline,  oacoxene?  (Ml 
Defiance). 

Westport. — Labradorite,  prehnite,  magnetite. 

WiLLSBORO*. —  Wd:iastonite,  colophonite,  garnet,  green  eoeeoUte^  hocnbUade. 

E&IE  CO.— Elltcott's  ytiLLB,— Calcareous  tttfas. 
31 
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FBANKUN  00.— Cbatkavoat.— Nitrogen  springs,  calcanoofl  tafMk 
Malonb. — MdmvspyrUe^  mmgnetite. 

GENESEE  00. — Acid  9pring$  oontaioing  solphoric  add. 

GREENE  00.— Oatskill.— (7a&»t«. 
Diamond  Hill. — Qoarts  crystftla^ 

HRRKTMER  CO.—VAmwm.v.—Quartz  crystaU,  fetid  barite. 

LiTTLB  FALLa — QuarU  eryttaigf  barite,  calcite,  anthracite,  pead  spar,  smolkg  quartg. 
sue  mile  soath  of  Little  Falls,  calcite.  brown  spar,  feldspar. 
Middle viLT  b. — Quartz  erystab  I  raleiUj  brown  and  pearl  spar,  anthzmcite. 
"Nkwport,— Quartz  ery$taU. 

Salisbubt. — Quartz  orystdU  !  blende,  galenite,  pyrite,  dhalcopyrite. 
Stabk. — Fibroos  oelestite,  gypmim, 

HAHILTON  00.— Long  Lake — ^Blne  caldte. 

JEFI*EKSON  00.— Adams.- Fluor,  oalc  tufa,  barit& 

Alexandria. —On  tbe  S.B.  bank  of  Muscolonge  Lake,  flnorite,  jMogopiU^  cbjlcopjiitcii 
apatite ;  on  High  Island,  in  the  St.  Lawrence  River,  feldspar,  tourmaline^  hornblende,  orVto^ 
dose,  celestite. 

Antwerp. — Stirling  iron  mine,  hematite,  ehalcodtte,  siderite,  mSUrite^  red  Tiematite,  crya 
tallized  quartz,  peUow  aragonite,  niocoliferous  pyrite,  Quartz  eryst/Us,  pyrite  ;  at  Oxbow,  cai- 
cite/  porous  coralloidal  heavy  spar;  near  Vrooman^s  lake,  ealdte/  yeauvianite^  phioffojpUe I 
wroxene^  tipJiene^  flnorite,  pyrite,  chalcopyrite  ;  9^ao  feldtpar^  bog-iron  ore,  scapolite  (farm  oi 
David  E^leson),  terpentine,  tourmaline  (yellow,  rare). 

Brownsville. — Oelestite  in  slender  crystals,  calcite  (four  miles  from  Watertown). 

Natural  Bkidoe. — Feldspar,  gieseckite!  etetitUe  paeudomorphaut  after  pyroxene,  apatite. 

Nbw  OoNNECTicuT. — Sphene,  brown  pMogopite. 

Omar. — Beryl,  fddapar,  hematite. 

Philadelfiiia. — Qamets  on  Indian  river,  in  the  village. 

Pamelia. — Agaric  mineral,  calc  tufa. 

PiERREPONT. — Tourmaline,  sphene,  scapolite,  hornblende. 

Pillar  Point. — Mcueioe  barite  (exhausted). 

Theresa. — Fluorite,  calcite,  hematite,  hornblende,  gvartz  crystal,  serpentine  (associated 
with  hematite),  celestite,  strontianite ;  the  Uuscolonge  Lake  locality  of  floor  is  exhausted. 

Watertown. — I'remolite^  agaric  mineral,  calc  tufa,  celestite. 

WiLNA. — One  mile  north  of  Natural  Bridge,  calcite. 

LEWIS  00.— Diana  (localities  mostly  near  junction  of  crystalline  and  sedimentary  rocks, 
and  within  two  miles  of  Natural  Bridge). — Scapolite!  wollastonite,  green  coeeoUte^  fddapar^ 
tremoUtef  pyroxene  /  tpheneJ  !  mica,  quartz  crystale,  drusy  quartz,  cryst.  pyrite,  pyrrhotite, 
blue  calcite,  serpentine,  rensedaerite,  zircon,  graphite,  chlorite,  hematite,  bog-iron  ore,  ixoa 
sand,  apatite. 

Greio. — Magnetite,  pyrite. 

LowviLLE. — CdUcite,  fluorite,  pyrite,  galenite,  blende,  calotufa. 

Martinsburoil — Wad,  galenite,  etc.,  but  mine  not  now  opmied,  ealdte, 

Watson,  Bremen.— Bog-iron  ore. 

MONROE  00. — Rochesteb. — Pearl  spar,  ealdte,  snowy  gypsum,  fluor,  oelestite,  galenite^ 
blende,  barite,  homstone. 

MONTGOMERY  CO.— Canajoii ABIE. —Anthracite. 

Palatine. — Quartz  crystals,  drusy  quartz,  anthracite,  homstone,  agate,  garnet. 

Root. — Drwty  quartz,  blende,  barite,  stalactite,  stalagmite,  galenite,  pyrite. 

NEW  YORK  CO.— Ooblear'b  Hook.— Apatite,  brown  and  yellow  feldspar,  sphene. 

KiNOSBRiDOB. — TremcUte,  pyroxene^  mica^  tourmaline,  pyrites,  rutile,  dolomite. 

Harltcm. — ^Epidote,  apophyllite,  stilbite,  tourmaline,  vivianito,  lamellar  feldspar,  mioa. 

New  York. — Serpentine,  amianthus,  actinolite,  pyroxene^  hydrous  asthophyllite,  ganwl^ 
staurolite,  molybdenite,  graphite,  chlorite,  jasper,  necronite,  feldspar.  In  the  exoavatiooa  fot 
the  4th  Avenue  tunnel,  1875,  Iiarmotomey  stilbite,  obabazite,  houlandite,  eta 
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VIAOABA  CO.-^Lvwivros.-^Sfpsmnits. 

LocKFOBT.— CWor^ito,  colcits^  selenite,  anhydrite,  ftuorUs^  dolomite,  HendB, 

KiAQABA  FAiiLa — ColeUef  floorite,  blende,  dolomiU, 

ONEIDA  CO.— BooNViLLB. — Caleits^  toolUutonUSy  coecdUU, 

Clinton. — Blende^  UntiouUir  argiUneetnts  iron  ore;  in  rooks  of  the  Clinton  Gconp,  Bttontl 
Hiite,  oeleRtite,  the  former  covering  the  latter. 

ONONDAGA  C0.~-CAinLijVS.^8eleTdte  Bud  fibrous  fftfpsum. 

Cold  Sprino. — Axinite. 

Manliub. — Qypsum  and  fluor. 

Stbacusb. — Serpentine^  oelestite,  selenite,  barite. 

OSANGE  CO. — Cornwall. — Ziroon,  ehondrodite,  hornblende^  epind,  nuuHee  feldspar^ 
fbroue  epidate^  hndnonite,  menaccanite,  eerpenUne^  ooccolite. 

DssK  Park. — CryeL  pyrite^  galenite. 

HONROB. — Mica/  epliene! garnet^  colophonite,  epidote^  chondrodite,  aUanitey  bacholait«, 
brown  spar,  spinel^  hornblende,  talc,  menaccanite,  pyrrhoUte^  Pjrite,  chromite,  graphite^  ras- 
tolyte,  moronolite. 

At  W1LK8  and  O'NsiL  Mine  in  Monroe. — ^Aragonite,  magnetite^  dimagnetite  (pseud.  ?),  Jen- 
kinsite,  aebestite,  serpentine,  miea^  horUmoiUe, 

At  Two  Ponds  in  lAowcoe.— Pyroxene  I  chondrodile,  hornblende^  eeapdUtel  tireon,  ephene^ 
apatite. 

At  Greenwood  Furnacb  in  Monroe. — ChondrodUe^  pyroxene!  mioa^  hornblende,  epinel^ 
toapoUte,  bioUtel  menaocanite. 

At  Forest  of  Dean. — Pyroxene,  spinel,  slroon,  scapolite,  hornblende. 

Town  op  Warwick,  Warwick  Yillaob. — Spinel /  Hroon,  serpentine/  brown  spar,  pyrox- 
ene! hornblende!  pseitdamorphaus  steatite,  feldspar !  (Rock  Hill),  menaocanite,  eUntonite, 
tonrmaline  (R.  H.),  rittile,  sphene,  molybdenite,  arsenopyrite,  marcasite,  pyrite,  yellow  iron 
sinter,  quartz,  jasper,  mica,  ooccolite. 

Amitt. — Spinel!  garnet,  seapoUte,  hornblende,  vesuvianite,  epidote!  dintonite!  magnetite^ 
tourmaline,  warwickite,  apatite,  chondrodite,  tale!  pyroxene!  rutile,  menaocanite,  tircan, 
corundum,  fddspar,  sphene.  calcite,  serpentine,  schiller  spar  (?),  silvery  mica. 

Bdentillb. — Apatite,  e/iondrodite  !  Jiair-brown  Jiornblende!  tremolite,  spinA,  tourmaline^ 
warteickite,  pyroxene,  sphene,  miea,  feldspar,  mispiekel^  orpiment,  nUile,  menaocanite,  sooio- 
dite,  ohaloopyrite,  leueopyrite  (or  lollingite),  allanite. 

West  Point. — Feldspar,  miea,  soapolite,  sphene,  liomblende,  allanite. 

PUTNAM  C0.--BREW8TBR,  Tilly  Foster  Iron  Mine.  ~C^;ufr(7(?»j^/  (also  hnmite  andolino- 
hnmite)  oiystals  very  rare,  magnetite,  dolomite,  serpentine  pseudomarp/u,  brueite,  enstatite, 
ripidolite,  biotite,  aotinolite,  apatite,  pyrrhotite.  flaorite.  albite,  epidote,  sphene. 

Carmel  (Brown*s  quarry). — ^Anthophyllite,  schiller  spar  (?),  orpiment,  arsenopyrite,  epi« 
dote. 

Cold  Spring. — Chabazite,  inioa,  sphene,  epidote. 

FxTTKnaoix.'^Wiits  pyroxene  !  ecUeite,  asbestus,  tremolite,  dolomite,  massive  pyrite. 

PniLLiPSTOWN. — TremoUte,  amianthus,  serpentine,  spTiene,  diopside,  green  eoecolite,  horn 
blende,  seapolite,  stilbite,  mica,  laumontite,  gurhofite,  oiUoite,  magnetite,  diromita. 

Phillips  Ore  Bed. — ^Hyalite,  aetinoUte,  massive  pyrite, 

BENSSELAER  CO.— Hoosic. —Nitrogen  springs. 
Lanbingduroh. — Epsomite.  quarts  crystals,  pyrite. 
Troy.— Quarts  crystals,  pyrite,  selenite, 

RICHMOND  CO.— RossviLLB. —Lignite,  eryst,  pyrite. 

QvAHAJXTUXK.-'Asbesttu,  amiantlius,  aragonite,  dolomite,  gurhqfite,  bradtc,  soq'^iitlM 
talc,  magneeite. 

BOCKLAND  CX).— Caldwell.— (7aW««. 

Orabst  Point. — Serpentine,  aotinolite. 

HAYK^ffn^AW.— Hornblende,  barite. 

Ladrntown. — Zircon,  malachite,  cuprite. 

PiBRMONT. — Datolite,  stilbite,  apophyllite,  stpllite,  piehnite,  thomsonite,  oaloite,  obabtiilt 

Btont  Point. — Cerolite,  lamellar  hornblende,  asbestos. 
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ST.  LAWRENCE  CO.— -Gantok.— 2/aM»od  pyritSy  etUeiU^  bra?m  toannaline,  sphene^ 
peniine,  talo,  renaidaeriU,  pyroxene,  hematite,  ohaJcopyrite. 

Dekalb. — Hornblmde^  barite,  fltunite,  tremoUte,  taurmaUney  blende,  graphite,  pyroxene, 
quartz  (spongy),  serpentine. 

Edwabds.  — Brown  and  silver j/  mica  I  scapolite,  apatite,  qwartz  crystaU^  actinollte,  irervh 
Ute!  hematite,  serpentine,  magnetite. 

Fine. — Black  mica^  hornblende. 

FowLEB. — Barite^  quartz  erystah!  hematite,  blende^  galenite,  tremolite,  ohaloedony,  bog 
ore,  satin  spar  (assoc.  with  serpentine),  pyrite,  chalcopyrite,  actinolite,  rensselcterit^  (neax 
Bomerville). 

OouvBRNBUR. — Colcite /  serpentine!  Jiomllende!  seapoUte/  orthoelase,  tourmaUne/  ido- 
orase  (one  mile  sont^  of  G.),  pyroxene,  malacolite,  apatite,  rensselaerite,  serpentine,  spJiene, 
flnorite,  barite  (farm  of  Judge  Dodge),  black  mica,  phlogopite,  tremoiite  !  asbeatns,  hematite, 
graphite,  Tesnvianite  (near  Somerrille  in  serpentine),  spinel,  honghite,  scapolite,  phlogopite, 
dolomite  ;  three-quarters  of  a  mile  west  of  Somerville,  ehondroditey  spinel ;  two  milea  north 
of  Somerville,  apatite,  pyrite,  brown  UmrnMUne  /  I 

Hammond. — ApatUe!  wreoni  (farm  of  Mr.  Hardy),  or^A^Msfeud  (loxocaae),  |7ar^a»t«,  barite, 
pyrite,  purple  fluorite,  dolomite. 

Hekmon. — Quartz  crystals^  hematite,  siderite,  pargadte,  pyroxene,  serpentine,  tonima- 
line,  bog-iron  ore. 

IIacomb.— Blende,  mica,  galenite  (on  land  of  James  Averil),  sphene. 

HniEBAL  Point,  Morristown.— Fluorite,  blende,  galenite,  phhgopite  (Pope's  MUIb),  bazite 

Ogdensbxtrg.  — Labradorite. 

PrrCAiBN.-rSatin  spar,  associated  with  serpentine. 

Potsdam. — Hornblende/ — eight  miles  from  Potsdam,  on  road  to  Pierrepont,  fddspar^ 
tourmaline,  Mack  mica,  hornblende. 

R089IB  (Iron  Mines). — Barite,  hematite,  coralloidal  aragonite  in  mines  near  Somerrille, 
timonite,  guarte  (Hometimes  stalactitic  at  Pariah  iron  mine),  pyrite,  pearl  spar. 

RoBSiB  Lead  Mine. — Caleitef  galenite/  pyrite,  cdestite,  chaloopyrite,  hematite,  cerussite, 
anglesite,  octahedral  fliior,  black  p/dogopite. 

Elsewhere  in  BossiB. — Caldte,  barite,  quarts  crystals,  chondrodite  (near  Yellow  Lake), 
feldspar/  pargasite/  apatite,  pyroooene,  hornblende,  sphene,  zircon,  mica,  fluorite,  serpen- 
tine, automolite,  pearl  spar,  graphite. 

BuBSBL. — Pargasite,  specular  iron,  guartB  (dodec),  caldte,  serpentine,  rensselaerite^ 
magnetite. 

SARATOGA  CO.— Grbbnfibld. — ChrysoberyU  garnet/  tourmaUne/  mica,  feldspar, 
apatite,  g^phite,  aragonite  (in  iron  mines). 

SCHOHARIE  CO.— Ball^s  Cavb,  and  others.— Caldte,  stalactiteB. 
Cablislr. — Fibrous  barite,  cryst.  and  fib.  caldte, 
.  Meddlbbubt. — Anthracite,  calcite. 
Shabon. — Calcareous  tufa. 
Schohabie. — Fibrous  oelestite,  strontianite /  cryst,  pyrite/ 

BENECA  CO.'-CAVOQA.—Mtrogen  springs. 

SULLIVAN  CO.— WuBTEBOBO*.— ^o^'ntf^,  blende,  pyrite,  ehakopyrite. 

TOMPKINS  CO  —ITHAOA.— Calcareous  tufa. 

X7LSTER  CO.— Ellekyillb.— (?a?«ns^,  blende^  chalcopyrite  /  qvartz,  brookiU. 
Mabbletown.  — Pyrite. 

WARREN  CO.— pKLDWELL— Massive fddspar. 
Chesteb. — Pyrite,  tourmaline,  rutile,  chalcopyrite.' 
Diamond  Islb  (Liike  George). — Caldte,  quartz  crystals. 
Glenn^s  Falls.- Rhomb  spar. 
Johnsbubg — Fluorite/  zircon/  /  graphite,  serpentine ^ pyrite, 

WASHINGTON  CO.— Fobt  ks^.—Oraphite,  serpentine. 
Gbantillb. — LameUar pyroxene,  massive  feldspar,  epi 

WAYNE  CO.— Wolcott.— Barite. 
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WB8T0HE8TEB  00. — ^AiTTHOKT's  THosE.—'ApatHe^  pyntoj  caldte/  in  very  large  tabolif 
aijitalB,  grouped,  and  sometimeB  incnuted  with  dmsy  qnarts. 

Davenport's  Neck. — Serpentine,  garnet,  ephene. 

EABTcnEfiTER. — Blende,  pyrite,  chfdcopyrite,  dolomite. 

HA8TINO& — TremoUte,  vmte  pyroxene. 

New  Rochellb. — Serpentine,  brucite,  quaitz,  miea,  tremolite,  garnet,  magnesite. 

Pbekbkill. — Mica,  feldspar,  hornblende,  etilbite,  sphene ;  three  miles  south,  emery. 

Rtb. — Serpentins^  otdorite^  Uack  tourmaline,  tremolke. 

S1NO8INO. — Pyroxene,  tremoUte,  pyrite,  beryl,  azorite,  green  malachite,  cemssite,  pyromor 
phite,  anglesite,  yauquelinite,  galenite,  native  silver,  chalcopyrite. 

West  FabmSu — Apatite,  tremolite,  garnet,  stilbite,  henlandite,  chabaziie,  epidote,  sphene 

ToNKERa. — TremoUte^  apatite,  caldte,  analcite,  pyrite^  tourmaline. 

ToRXTOWK. — SilUmanit6y  monazilef  magnetite. 

• 

NEW  JERSEY. 

AiiDOTBR  Iron  Minb  (Snnez  Oo.). — ^Willemite,  brown  garnet. 

AiiLBNTOWN  (Monmouth  Oo.). —  Vmanite^  dufrenite, 

Bblyillb. — Oopper  mines. 

Beroen. — Caldte  I  datoUte!  peetoUte  (called  stellite) !  anaieite,  apophyUitef  gmelinite^ 
prehnite,  sphene,  etilbite,  natrokte,  henlandite,  laomontite,  ehabazite,  pyrite,  pseudomorphoui 
steatite,  iinitative  of  apophyUite,  diabantite. 

Brunswick. — Oopper  mines :  native  copper,  malachite,  mouTUain  leather. 

Brtam. — Ohondrodite,  epinel,  at  Roseville,  epidote, 

Oantwbll'b  BRrooE  (Newcastle  Oo.),  three  miles  west.— Yivianite. 

DANYiiiLE  (Jemmy  Jump  Ridge). — Graphite,  chondrodite,  augite,  mica. 

Flehinqton. — Copper  minee, 

Frankfort.  — Serpentine, 

Franklin  and  Sterlino. — Spinel/  garnet  /  rhodonite /  wiUemite /  franklinite /  gindte / 
dyduitel  hornblende,  tremolite,  chondrodite,  white  ecapoUte,  black  tourmaUne,  epidote,  pijik 
ealeile,  miea,  actinolite,  augite,  sahlite,  ooccolite,  asbestus,  jeffereonite  (augite),  calamine, 
fcaphite,  fluorite,  beryl,  galenite,  serpentine,  honey -colored  sphene,  quarts,  chalcedony, 
amethyst,  zircon,  molybdenite,  vivianite,  tephroite,  rhodochrosite,  aragonite,  sussezite,  chal- 
eophanite,  rcepperite,  calcozindte,  vanuzemite,  gahnite.     Also  algerite  in  gran,  limestone. 

Franklin  and  Warwick  Mts.— /^n^. 

Grebnbrook. — ^Oopper  mines. 

Grigostown. — Oopper  mines. 

Hamburgh. — One  mile  north,  epind  I  tourmaUne,  phlogopite,  hornblende,  Umanite,  hematite. 

HoBOKBN. — Serpentine  (marmolite),  brueite,  nemaUte  (or  fibrous  brucite),  aragonite,  dolo* 
mite. 

HURDSTOWN. — Apatite,  pyrrhotite,  magnetite. 

Imleytown.  — ^Vivianite. 

LocKWoon. — Graphite,  chondrodite,  tale,  augite,  quarte,  green  spinel. 

HoNTVlLLE  (Morris  Oo.). — Serpentine,  chryeotile. 

Mullica  Hill  (Gloucester  Oo.). —  Vivtanite  lining  belemnites  and  other  fossils. 

Newton. — Spinel,  blue,  pink,  and  white  corundum,  mica,  vesnvianite,  homUende,  tourma- 
Une, eeapolite,  ratile,  pyrite,  talc,  calcite,  bazite,  peeudomorphoue  eteaUte. 

FATKReov.—Ihtolite. 

Ykrkon. — Serpentine,  spinel,  hydrotalcite. 

PENNSYLVANIA.* 
ADAMS  00. — Qbtttsburg.— Epidote,  fibrous  and  massive. 

BERKS  00. — ^MoROANTowN. — At  Jones's  mines,  one  mile  east  of  Morgantown,  green 
malachite,  native  copper,  chrysocoUa,  magnetite,  allophane,  pyrite,  chalcopyrite,  aragonite. 
apatite,  talc;  two  miles  N.E.  from  Jones's  mine,  graphite,  sphene;  at  Steele's  mine,  one 
inile  N.W.  from  St.  Mary's,  Ohester  Oo.,  magnetite,  micaceoos  iron,  ooccolite,  brown  garnet 

Bbading. — Smoky  quartz  crystals,  zircon,  stilbite,  iron  ore,  near  Pricetown,  ziroon,  allan* 
Ifce,  0pidote ;  at  Eckhardt's  Furnace,  aUanite  with  eircon  ;  at  Zion's  Ohuroh,  molybdenite ; 

*  See  also  the  Report  on  the  Mineralogy  of  Penni^lvania,  by  Dr.  F  A.  Qenth,  1870. 
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aear  Kntztown,  in  the  Gxysfcal  Gave,  stalactites ;  at  Fritz  lalaDd,  apophiflUU^  thonuomte,  tk&ia 
utSf  oaldte,  azurite,  malaehitd,  magnetite,  ohaloopyrite,  stibnite,  prochlorite,  precious  aer 
pontine. 

BUCKS  CO. — BuCKiKOUAM  Township. — Ciystallized  qnarta;  near  New  Hope,  TesaTian 
lie,  epidote,  barite. 

SoUTilAHPTON. — ^Near  the  Tillage  of  Feaaterville,  in  the  quarry  of  Oeorge  Tan  Armlala 
ffrapMte^  pyroxene,  sahlite,  voccolite,  gphene^  green  mica,  caidte,  iDoUattoniUy  glaa^  feld 
•par  sometimes  opalescent,  phlogopite,  Uue  quarU^  garnet,  ziroon,  pyrite,  moroxite,  scapolita 

New  Bbitain. — Dolomite,  gaLenite,  blende,  malachite. 

CABBON  CO.— Summit  Hill,  in  ooal  minesw— iraoltn<r& 
CHESTER  CO.— Ayondalb.— AsbestuB,  tremolite,  garnet,  opid. 

BiRMTNOHAM  TowNSHiF. — ^Amethyst,  amoky  guarU^  serpentine,  beiyl ;  in  Ab*m  Barlinf- 
ton^s  lime  quarzy,  calcite. 

East  Bradford. — Near  Buffington's  bridge,  on  the  Brandywine,  green,  blue,  and  gray 
cyanite,  the  gpray  cyanite  is  found  loose  in  the  soil,  in  crystals ;  on  the  farms  of  Dr.  Elwyn, 
Mrs.  Fouike,  Wm.  Gibbons,  and  Saml.  Entrikin^  amethysL  At  Strode*s  mill,  asbestus.  inag- 
nesite^  anthophyllite,  epidote,  aquacrepitite,  oligoclase,  drusy  quartz,  ecUyritef  on  Os- 
bome's  Hill,  wad^  manganesian  garnet  (massive),  iphene^  schorl ;  at  Caleb  Copers  lime  quarry, 
fetid  dolomite,  necronite,  garnets,  blue  cyanite,  peUoio  actinoUte  in  talc;  near  the  Black 
Horse  Lm,  indurated  tale,  rutiie ;  on  Amor  Davis*  farm,  orthite/  massive,  from  a  grain  to 
lumps  of  one  pound  weight ;  near  the  paper-mill  on  the  Brandy  wine,  gircon,  associated  with 
titaniferone  iron  in  blue  quartz. 

West  Bradford. — Near  the  village  of  Marshalton.  green  cyanite,  rutiie,  scapolite,  pyrite, 
staurolite;  at  the  Chester  County  Poor-house  limestone  quarry,  eheeterlUel  in  crystals  im- 
planted on  dolomite,  rutUe  I  in  brilliant  acicular  crystals,  which  are  finely  terminated,  cal- 
cito  in  soalenohedrons,  zoialte,  damourite  f  in  radiated  groups  of  crystals  on  dolomite,  qnartk 
erystaift ;  on  Smith  &  McMullin^s  farm,  epidote. 

Charlbstown. — Pyromorphite,  cemseite,  galeniie^  quartz. 

CovKNTRT.— AUanite,  near  Pughtown. 

South  Covektry.—Iu  Chrisman's  limestone  quarry,  near  Coventiy  village,  angite. 
sphene,  graphite,  eircon  in  iron  ore  (about  half  a  mile  from  the  village). 

East  Fali^wfield. — Soapstone. 

East  Goshen. — Serpentine,  asbestus,  magnetite  (loadstone),  garnet. 

Elk. — Henaccanite  with  musoovite,  chromite ;  at  Lewisville,  black  tourmdUne. 

West  Goshen. — On  the  Barrens,  one  mile  north  of  West  Chester,  amianthus,  serpentine, 
cellular  quartz,  jasper,  chalcedony,  drusy  quartz,  chlorite,  marmolite,  indurated  talc,  mag^ 
nesite  in  radiated  crystals  on  serpentine,  hematite,  asbestus  ;  near  R.  Taylor*s  mill,  chromite 
in  octahedral  crystals,  deu>eylite,  radiated  magnesite,  aragonite,  staurolite,  garnet,  aabestua, 
epidote;  zaitdte  on  hornblende  at  West  Chester  water-works  (not  accessible  at  present). 

New  Garden. — At  Nivin's  limestone  quarry,  broum  tourmaline^  necronite,  scapolite,  apa- 
tito^  brown  and  green  mica,  rutiie,  aragonite,  fibrolite,  kadUnite,  tremolite. 

Kennett. — Actinolite,  brown  tourmaline,  browu  mica,  epidote^  tremolite,  scapolite,  ara- 
gonite; on  Wm.  Cloud's  farm,  sunstone/  /  chabazite,  spheue.  At  Pearce^s  old-mill,  zoisita, 
epidote,  sunstone  ;  sunstone  occurs  in  good  specimens  at  various  places  in  the  range  of  hom* 
blende  rocks  running  through  this  township  from  N.E.  to  S.W. 

Lower  Oxford. — Garnets,  pyrite  in  cubic  crystals. 

London  Grove. — Bntile,  jasper,  chalcedony  (botryoidal),  large  and  rough  quartz  ciyBtala, 
epidote ;  on  Wm.  Jackson's  farm,  yeilow  and  black  tourmaline,  tremoUtCy  rutiie,  green  mica, 
apatite,  at  Pusey's  quarry,  rutiie,  tremolite. 

East  Marlborough. — On  the  farm  of  Bally  &  Brothers,  one  mile  south  of  Unionville, 
bright  yellow  and  nearly  white  tovrmakne,  chesterlite,  albite,  pyrite ;  near  Marlborough  meet- 
ing-house, epidote,  serpentine,  acicular  black  tourmaline  in  white  quartz ;  tireon  in  amall 
perfect  crystals,  loose  in  the  soil  at  Pusey's  saw-mill,  two  miles  S.W.  of  Unionville. 

West  Marlborough.  ~Near  Logan's  quarry,  staurolite,  cyanite,  yellow  tourmaline,  ratik^ 
garnets ;  near  Doe  Bun  village,  hemati%  scapolite,  tremo^ile  ;  in  R.  Baily's  limestone  quarry, 
two  and  a  half  miles  S.W.  of  Unionville,  jS6r^n/«  trema^c,  cyanite,  scapolite. 

NBWLm.—On  the  serpentine  barrens,  one  and  a  half  mile  N.E.  of  Unionville,  corundum/ 
oiaasive  and  crystallized,  also  in  crystals  in  cdbite,  often  in  loose  crystals  covered  with  a  thia 
ooating  of  steatite,  spinel  (black),  talc,  picrolite,  brudte,  green  tourmaline  with  flat  pyraa* 
Idal  temiiuations  in  albitOi  unianite  (rare)  euphyUite^  mica  in  hex^^onal  (nyatala,  fddapat 


JkHEBIOAK  LO0ALI1TB8.  487 

hmrf^I  in  hexagonal  ezysfcak,  one  of  which  weighs  61  Ihe.,  pyiite  in  cubic  oKystala,  ohxomio 
iron,  dziuy  quartz,  gieen  quartz,  aotinolite,  emerjfUte^  chloritoid,  diallage,  oligodase;  oo 
Johnaon  Patterson^s  farm,  maasive  corundum^  titaniferons  iron,  cUnoehlore^  emeryUte, 
sometimea  colored  green  by  chrome,  albite,  orthodase^  halloysite,  margarite,  gamete,  beryl; 
on  J.  Lesley's  farm,  corundum^  crvbtallized  and  in  massive  lumps,  one  of  which  weighed 
5,200  lbs.,  diaspore!  I  emeryUts/  euphyUUe  crystaiUzed/  green  tourmaline,  transparent 
ciTstals  in  the  euphySite,  orthodase ;  two  miles  N.  of  Unionville,  magnetite  in  octahedral 
ozystals;  one  mile  £.  of  Unionville,  hematite;  in  Ed  wardens  old  limestone  quarxy,  purple 
Haorite,  rutile. 

East  NomNOHAM. — Sand  chrome,  asbestua,  ehromite  in  octahedral  crystals,  hallite,  beryl. 

West  Nottikohai£. — At  Scott^s  chrome  mine,  ehromite,  foUated  tale,  marmoUte,  serpen 
tine,  chalcedony^  rhodochrome;  near  Moro  Phillip^s  chrome  mine,  attbeettu;  at  the  magnesia 
quaizy,  deueylite,  marmolite,  magnesite,  lecdite,  serpentine,  sand  chrome;  near  Fremoul 
P.O.,  oorondum. 

East  Pi  kbl and. —Iron  ore. 

West  Pikbland. — In  the  iron  mines  near  Cheater  Springs,  gibMte,  ureon^  turgiie,  hema- 
tite (stalactitical  and  in  geodes),  gothite. 

Pbnn. — Garnets,  agalmatolite. 

PsNNSBURY.— 4>n  John  Graig^s  farm,  brown  garnets,  mica  ;  on  J.  Dilworth^s  farm,  near 
Fairville,  mvseovitef  in  hexagonal  prisms  from  one-quarter  to  seven  inches  in  diameter ;  in 
the  village  of  Fairville,  eunetone  ;  near  Brinton>  ford,  on  the  Brandywine,  ehondrodite,  ep/ienCt 
diopslde,  augite,  coccolite ;  at  Mendenhall's  old  limestone  quany,  fetid  quartz,  sunstone ;  at 
Swain's  qua^iy,  crystals  of  orthodase. 

PocoPSON. — On  the  farms  of  John  Entrikin  and  Jos.  B.  Darlington,  amethyst. 

Sadsbubt. — Butile//  splendid  genionlated  crystals  are  found  loose  in  the  soil  for  seven 
miles  along  the  valley,  and  particularly  near  the  village  of  Parkesbnrg,  where  they  sometimes 
occur  weighing  one  pound,  doubly  geniculated  and  of  a  deep  red  color ;  near  Sadsbury  village, 
amethyetf  tourmaline,  epidote,  milk  quarts. 

Schuylkill. — In  the  railroad  tunnel  at  Ph(EMIXYILLB,  dolomite/  sometimes  coated  with 
pyrite,  quartz  crystals,  yellow  blende,  brookite,  calcite  in  hexagonal  crystals  enclosing  ^ri^/ 
at  the  Whbatlbt,  Bbookdalb,  and  Ghebteb  Ck>UNTT  lbad  mines,  one  and  a  half  mile 
8.  of  PhcBuixville,  pyromorphite  /  eerussite!  galenite,  anglesite/  /  quarts  crystals,  chalcopy* 
lite,  barite,  fluorite  (white).  etoUite^  tou/fenite/  calamine^  vanadim'te,  blende/  mimetite/ 
deaoloizite,  gothite,  chrysocoUa,  native  copper,  malachite,  agurite^  limonlie,  calcite,  stilphtir^ 
pyrite,  melaconite,  pseudomalachite,  gersdorffite,  chalcocite  ?  covelUte. 

Thobnbubt. — On  Jos.  H.  Brinton*s  farm,  muecovite  containing  adcular  orystals  of  tour- 
maline, rutile^  titaniferons  iron. 

Trbdtfprin. — Pyrite  in  cubic  crystals  loose  in  the  soiL 

UwciiLAN. — ^Massive  blue  quartz,  graphite. 

YfASLREK.—Helanite,  feldspar. 

West  Goshen  (one  mile  from  West  Chester).— Ohromite. 

Willistown. — Magnetite,  ehromite,  actinolite,  asbestus. 

West-Town. — On  the  serpentine  rocks,  8  miles  S.  of  West  Chester,  cUnoe/dore  /  jef'eri9it&/ 
mica,  asbestus,  actinolite,  magnesite,  talc,  titaniferons  iron,  magnetite  and  massive  tourma- 
line. 

East  Whitbland. — Pyrite,  in  very  perfect  cubic  crystals,  is  found  on  nearly  every  farm 
in  this  township,  quarts  orystaJs  found  loose  in  the  soil. 

West  Whitbland.— At  Gen.  Trimble^s  iron  mine  (south-east),  stalaetitic  Jtematite/ 
wateUite//  in  radiated  stalactites,  gibbsite,  coemleolactile. 

Wabwick. — ^At  the  Elizabeth  mine  and  Keim's  old  iron  mine  adjoining,  one  mile  N.  of 
Knauertown,  aplome  garnet/  in  brilliant  dodecahedrons,  floeferri,  pyroxene,  micaceous  hem/y- 
tile,  pyrite  in  bright  octahedral  czystals  in  calcite,  chrysocoUa,  chalcopyrite  massive  and  in 
single  tetrohedral  crystals,  magnetite, /oMicutor  horntitende/  bomite,  malachite,  brown  garnet. 
calcite,  byeeoUte  /  serpentine ;  near  the  village  of  St.  Mary^s,  magnetite  in  dodecahedral 
crystals,  melanite,  garnet,  aetinoUte  in  small  radiated  nodules ;  at  the  Hopewell  iron  mine^ 
one  mile  N.W.  of  St.  Mary's,  meignetite  in  octahedral  crystals. 

COLUHBIA  (X>.— At  Webb's  mine,  yellow  blende  in  calcite ;  near  Bloomburg,  cryst  mag 
netite. 

DATJPHIK  CO.— Nbah  Humuebstown.— Green  garnets,  cryst.  emoky  quartz,  feldspar. 

DEIiAWABE  CO. — ^AsroN  Township. —  Amethyet,  corundum^  emerylite,  stanrolite,  Jl6n>- 
Ute,  black  tourmaline,  margarite,  eunetone,  aebestue,  anthophyllite,  steatite*  near  Tymm*B 
auU,  garnet,  staurolite ;  at  Peters  mill- dam  in  the  creek,  pyrope  galmet. 
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BiSLHiNQUAiL—FibrolUe,  kaoUn  (abundant),  czystalB  of  ratile,  am€th$f$t;  at  BoUook'a  sId 
quairy,  zircon,  ImchckiUf  nacrite,  yellow  crystallized  quartz,  fdd^par. 

Blub  Hill. — Green  quartz  crystala,  spineL 

Chester. — Amethyst,  bktek  taurmaUne,  beryl,  crystaU  of  feUUpar,  garnet,  cryst.  pyrite, 
m/oiybdenite,  molybdite,  obalcopyrite,  kaolin,  uraninite,  muaoofoUe,  orthoclase,  biamutite. 

Chichester. — Near  Trainer's  milldam,  beryl,  tourmaline,  crystals  oljetdspar^  kaolin;  on 
Wm.  Eyre*8  farm,  tournuUins, 

Concord. — Crystals  of  mica,  crystals  offddspar,  kaolin  abundant,  dnisy  quartz  of  a  blae 
and  green  color,  mnerschaum,  stellated  tremoUte,  some  of  tbe  rays  6^  in.  diameter,  antho^ 
phyUite,  fibrolite,  aoicular  crystals  of  rutOe^  pyrope  in  quartz,  ametiiyst,  actinolite,  mangaiM- 
tian  garnet^  beryl ;  in  Green's  creek,  pyrope  garnet. 

Darbt. — Blue  and  gray  cyanitCj  garnet,  staurolite,  zoisite,  quartz,  beryl,  chlorito,  mios, 
limonite. 

Edgehont. — Amethyst,  oxide  of  manganese,  crystals  otfddspar;  one  mile  east  oi  Edge- 
mont  Hall,  rutile  in  quartz. 

Gbbeh's  Creek. — Oamet  (so-called  pyrope). 

Haverford. — Staurolite  with  garnet. 

Marfle. — Tourmaiine,  andalusite^  amethyst,  aeUndUte,  anihophyUite,  talc,  radiated  aetin- 
oiite  in  talc,  chromite,  drusy  quartz,  beryl,  cryst.  pyrite,  fnenacoanite  in  quartz,  chlorite. 

Middletown. — Amethyst,  beryl,  black  mica,  mica  with  reticulated  magnetite  between  the 
plates,  manganesian  garnets  I  large  trapezohedral  crystals,  some  3  in.  in  diameter,  indurated 
talc,  hexagonal  crystals  of  ruUU,  crystals  of  mica,  green  quartz  I  ant1u>phyl3ite,  radiated  tour- 
maline, stauroUte,  titanic  iron,  fibrolite,  serpentine ;  at  Lenni,  chlorite,  green  and  bronze 
vermieiUite/  green  feldspar  ;  at  Mineral  Hill,  fine  crystals  of  corundum,  one  of  which  weighs 
If  lb.,  actinolite  in  great  variety,  bronzite,  green  feldspar,  moonstone,  suMtone,  graphic 
granite,  magnesite,  octahedral  crystals  of  cJiromite  in  great  quantity,  beryl,  chalcedony, 
asbestus,  fUrrous  hornblende,  rutile,  stauroUte,  melanosiderite,  hallite ;  at  Painter's  Farm, 
near  Dismal  Run,  zircon  with  oligoclase,  tremolite,  tourmaline ;  at  the  Black  Horse,  near 
Media,  corundum  ;  at  Hibbard's  Farm  and  at  Fairlamb's  Hill,  chromite  in  brilliant  octahe- 
drons. 

Kewtown. — Serpentine,  hematite,  enstatite,  tremolite. 

Upper  Providence. — Ant/tophyllite,  tremolite,  radiated  asbestus,  radiated  actinolite,  tour- 
maline, beryl,  green  feldspar,  amethyst  (one  found  on  Morgan  Hunter's  farm  weighing  over  7 
lbs.),  andalusite/  (one  terminated  crystal  found  on  the  farm  of  Jas.  Worrall  weighs  7^  Iba.) ; 
at  Blue  Hill,  very  fine  crystals  of  blue  quartz  in  chlorite,  amianthus  in  serpentine,  zircon. 

Lower  Providrnce. — Amethyst,  green  mica,  garnet,  large  crystals  of  feldspar/  (some 
over  100  lbs.  in  weight). 

Radnor. —  Oamet,  marmoliti^,  deweylite,  chromite,  asbestus,  magnesite,  talc,  blue  quarts, 
picrolite,  limonite,  magnetite. 

Springfield. — Andalusite,  tourmaline,  beryl,  titanic  iron,  garnet;  on  Fell's  Laurel  T^ill, 
beryl,  garnet;  near  Beattie's  mill,  staurolite,  apatite;  near  Lewis's  paper-mill,  tourmaline, 
mica. 

Thornb  ury.  — Amethyst, 

HUNTINGDON  CO.— -Near  Frankstown.— -In  the  bed  of  a  stream  and  on  the  side  of  a 
hill,  fibrous  eelesiite  (abundant),  quartz  ojystals, 

LANCASTER  CO.— -Drumorb  Township. —Quartz  crystals, 

FuiiTON. — At  Wood^s  chrome  mine,  near  the  village  of  Texas,  brudts/  /  zaratite  (emerald 
nickel),  pennite/  ripidoUte/  kdmmererite!  bnUimorite,  chromic  iron,  williamsite,  chrytoUtef 
marmoUte,  pieroUte,  hydromagnesite,  dolomite,  magnesite,  aragonite,  calcite,  serpentine, 
hematite,  menaccanite,  genthite,  chrome-garnet,  bronzite,  milleritc ;  at  Low's  mine,  hydro^ 
magnesite,  bi'udte  (lancasterite),  picrolite,  magnesite,  wiUiamsite,  chromic  iron,  ta'c,  zaratite, 
baltimorite,  serpentine,  hematite ;  on  M.  Boice's  farm,  one  mile  N.W.  of  the  village,  pyriie 
in  cubes  and  various  modifications,  antJiopJiyUite ;  near  Rock  Springs,  eJicdcedony^  camelian, 
mt^s  agate^  green  tourmaline  in  talc,  titanic  iron,  chromite,  octa/iedral  magnetite  in  cfdorite; 
at  Reynolds's  old  mine,  calcite,  talc^  picrolite,  chromite  ;  at  Carter's  chrome  mine,  broo^te. 

Gap  Minks. — Chalcopyrite,  pyn-Jtotile  (niccoliferous),  miUerite  in  botryoidal  radiations, 
tidianite/  (rare),  actinolite,  siderite,  hisingerite,  pyrite. 

Pequea  Yallbt. — Eight  miles  south  of  Lancaster,  aiigentiferous  galenite  (said  to  contain 
350  to  300  ounoes  of  silver  to  the  ton  ?),  vauquelinite,  rutile  at  Pequea  mine ;  four  miles  N.W. 
of  Lancaster,  on  the  Lanca.<tter  and  Harrifiburg  Railroad,  catamite,  galenite,  blende ;  pyrite  in 
onbic  cryficals  is  found  in  gi«jat  abundance  near  the  city  of  Lancaster ;  at  the  Lancaster 
mines,  calamine,  blende,  tennantite  ?  snithsonite  (pseud,  of  dolomite),  auiiefialeiU^ 
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LEBANON^  CO.— Cornwall. — Magnetite^  pyrite  (cobaltiferous),  chaloopyrite,  natiM  eop' 
per,  (uurite,  malachite^  ehrytoeoUa,  cv/prite  (hydrocuprite),  aUop?uins,  broehantiU,  aerpentiiie, 
quartz  pseudomorphB ;  gcUenite  (with  octahedral  cleavage),  fluorite,  ooTellite,  hema^te  (mi 
oaceonii),  opal,  asbestns. 

LBHIGH  GO, — Friedensvillb. — At  the  zinc  mines,  udamine,  mnithsonite,  hydrozinoite, 
massive  blende,  greenockite,  quartz,  allophane,  zinciferous  day,  mountain  leather,  aragonite, 
aauoonite ;  near  Allentown,  magnetite,  pipe-iron  ore ;  near  Bethlehem,  on  S.  Mountain, 
alianite,  with  zircon  and  altered  sphene  in  a  single  isolated  mass  of  syenite,  magnetite,  mar- 
tite,  black  spinel,  tourmaline,  chalcodte. 

MIFFLIN  CO.— Strontianite. 

MONKOE  CO.— In  CnERRT  Valley.— CofciYd,  chalcedony,  quartz;  in  Poconao  Valley, 
near  Judge  Mervine^s,  ciyst.  quartz. 

MONTGOMERY  CO.— Conshohocken. — Fibrous  tourmaline,  menaccanite,  aventurine 
quartz,  phyllite ;  in  the  quarry  of  Geo.  Bullock,  caldte  in  hexagonal  prisms,  aragonite. 

Lower  Providence. — At  the  Perkiomen  lead  and  copper  mines,  near  the  village  of 
Shannonville,  azurite,  blende^  gdkniUy  pyromorphite,  oerussite,  wulfenite,  anglesite,  barite, 
calamine,  cfaalcopyrite,  malachite,  chrysocolla,  hrtmn  spar,  cuprite,  covellite  (rare),  mela- 
oonite,  libethenite,  pseudomalachite. 

White  Marsh. — At  D.  O.  Hitner's  iron  mine,  five  and  a  half  miles  from  Spring  Mills, 
limonite  in  geodes  and  stalactites,  gothite,  pyrolusite,  wad,  lepidocrocite ;  at  Edge  Hill  Street, 
North  Pennsylvania  Railroad,  titanic  iron,  braunite,  pyrolusite;  one  mile  S.W.  of  Hitner's 
iron  mine,  Umonite,  velvoty,  stalactitic,  and  fibrous,  fibres  three  inches  long,  turgite,  gothitc, 
pyrolusite,  velvet  manganese^  wad ;  near  Marble  Hall,  at  Hitner's  marble  quarry,  white  mar- 
ble, granular  barite,  resembling  marble ;  at  Spring  Mills,  limonite,  pyrolusite,  gothite ;  at 
Flat  Rock  Tunnel,  opposite  Manayunk,  itilbiU,  heulandite^  ehaixmte,  ilvaite,  beiyl,  feldspar, 
mica. 

Lafayette,  at  the  Soapstone  quarries. — Talc,  je£Ferisite,  garnet,  albite,  serpentine,  zoisite, 
ttaurolite,  chalcopyrite ;  at  Rosens  Serpentine  quarry,  opposite  Laiayette,  enstalite,  serpen* 
tina 

NORTHUMBERLAND  CO  .^Opposite  SELm*s  Grove.- Calamine. 

NORTHAMPTON  CO.— Bushkill  Township.- Crystal  Spring  on  Blue  Mountain,  quartM 
crystals. 

Near  Easton. — Zircon!  (exhausted),  nephrite,  coccolite,  tremolite,  pyroxene,  sahlite, 
limonite,  magnetite,  purple  calcite. 

Williams  Township. — Pyrolusite  in  geodes  in  limonite  beds,  gothite  (lepidocrocite)  at 
Glendon. 

PHILADELPHIA  CO.— Frankford.— Titanite  in  gneiss,  apophylllte  ;  on  the  Philadelphia, 
Trenton  and  Connecting  Railroad,  basanite ;  at  the  quarries  on  Frankford  Creok,  stilbite, 
molybdenite,  hornblende  ;  on  the  Connecting  Railroad,  wad,  earthy  cobalt ;  at  Chestnut  Hill, 
magnetite,  g^reen  mica,  chalcopyrite,  fluorite. 

Fairmodnt  Water  Works. — In  the  quarries  opposite  Fairmount.  autunite!  torbemitd. 
crystals  of  fdcbpa/r^  beryl,  pseudomorphs  after  beryl,  tourmaline,  albite,  wad,  menaccanite. 

GoROAS^  and  Crease's  Lane. — Tourmaline,  cyanite,  staurolite,  homstone. 

Near  Germantown. — Black  tourmaline,  laumontite,  apatite;  York  Road,  tourmaline, 
beryl. 

Hbstonvillb. — Alunogen,  iron  alum,  orthodase. 

Heft*  8  Mill. — Alunogen,  tourmaline,  cyanite,  titanite. 

Manatunk. — At  the  soapstone  quarries  above  Manayunk,  talc,  steatite,  chlorite,  vermioo- 
lite,  anthophyJHte,  staurolite  dolomite,  apatite,  asbestus,  brown  spar,  epsomite. 

Meaoaroee's  Paper-mill. — Staurolite,  titanic  iron,  hyalite,  apatite,  gpreen  mica,  iron  gar* 
nets  in  g^at  abundance. 

McKiMNET^s  Quarry,  on  Rittenhouse  Lane. — Feldspar,  apatite,  stilbite,  natrolite,  heulan" 
dUe,  epidote,  hornblende,  erubescite,  malachite. 

ScHUTLKiLL  FALLS. — Chabazite,  titanite,  fluorite,  epidote,  muscovite,  tourmaline,  pro« 
chlorite. 

SCHUYLKILL  CO.— Tamaqua,  near  Pottsville,  in  coal  mines.— iTaolMM^. 

YORK  00. — Bornite,  ratile  in  slender  prisms  in  granular  quartz,  oaloite. 
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NEWOASTLE  CO.— Brandtwinb  SFBisoA^-^BuehoitUej  Jlbroliie  aimadaatj  aahlite,  pjios 
ene ;  Brandy  c^ine  Hundred,  musoovite,  endosing  reticulated  magnetite. 

Dixon's  Feldspar  Quarries,  six  miles  N.  W.  of  Wilmington  (these  qoanies  have  beei 
worked  for  the  manufacture  of  porcelain). — Adukma^  albUe^  otigodasey  beryl^  apatite^  dnno' 
monstane/  /  (both  granular  like  that  from  Ceylon,  and  crystallized,  rare),  magnesite,  sezpen- 
tine,  asbestuB,  bla(£  tourmaline/  (rare),  indieoUte/  (raze),  sphene  in  pyioxene,  cyanite. 

DuPONT's  Powder  Mills.—"  Hypersthene.*' 

Eastburm's  Limestone  Quarries,  near  the  PennsylTania  line. — TremoUte,  braneiU. 

QuARRTYrLLE. — Gamet,  spodumene,  fibrollte. 

Near  Newark,  on  the  railroad. — SphsBrosidcrite  on  dnmy  quartz,  jasper  (ferruginous  opal), 
oryst.  spathic  iron  in  the  cavities  of  cellular  quartz. 

Way's  Quarry,  two  miles  south  of  Centreville. — Feldspar  in  fine  deavoge  massfw,  apatiUk 
mica,  deweylite^  granular  quartz, 

WiLMiNOTON. — In  Chrutiana  quarries,  metaUcndai  diaUage, 

Kennstt  Turnpike,  near  Oentreville. — Cyanite  and  garnet. 

HAEFOBD  CO.— Cerolite. 

SENT  CO.— Near  Middlstown,  in  Wm.  Polk's  marl  pits.—  VitianUei 
On  Chesapeake  and  Delaware  Canal. — Betinasphalt,  pyrite,  amber. 

SUSSEX  CO.— Near  Cape  Henlopbn  — TlTianite. 

MABTLAND. 

Baltimore  (Jones's  Falls,  If  mile  from  B.). — Chabazite  (haydenite),  heolandite  (beao 
montite  of  Levy),  pyrite,  lenticular  carbonate  of  iron,  micay  stiUnte, 

Sixteen  miles  from  Baltimore,  on  the  Gunpowder. —  Graphite. 

Twenty-three  miles  from  B.,  on  the  Gunpowder. —  l^cUc. 

Twenty -fiye  miles  from  B.,  on  the  Gunpowder. — Magnetite,  ephet^e,  pyenito. 

Thirty  miles  from  B.,  in  Montgomery  Co.,  on  farm  of  S.  Eliot. — Gk>ld  in  quartz. 

Eight  to  twenty  miles  north  of  B.,  in  limestone. — TremoUte^  augite,  psfrite,  brown  and  j«l 
low  tourmaline. 

Fifteen  miles  north  of  B. — Sky-blue  chalcedony  in  granular  limestone. 

Eightoen  miles  north  of  B.,  at  Scott^s  mills. — Magnetite^  cyanite. 

Bare  Hills. — Chromite,  aebestuSy  tremoUtey  tale^  hornblende,  aeipentine,  chalcedoigr, 
meerschaum,  baltimorite,  cJialcopyritey  magnetite. 

Cape  Sable,  near  Magothy  B. — Amber,  pyrite,  alum  slate. 

Carroll  Co. — Near  Sykesville,  Liberty  Mines,  gold,  magnetite,  pyrite  {octahedrons),  ekal' 
oopyritCy  linnsaite  (carroUite) ;  at  Patapsco  Mines,  near  Finksburg.  bomite,  maiaeJutCy  8iegen< 
ite,  dnnaite,  remingtanitCy  magnetite,  cJialcopyrite ;  at  Mineral  Hill  mine,  bornitCy  chalcopy- 
rite,  ore  of  nickel  (see  above),  gold,  magnetite. 

Cecil  Co.,  north  part. — Chramitc  in  serpentine. 

CooPTOWN,  Harford  Co. — Olive-colored  tourmaUnCy  diaUage^  talc  of  green,  blue,  and  rose 
oolors,  Ugniform  asbestuSy  chramitCy  serpentine. 

Deer  Creek. — Magnetite/  in  chlorite  slate. 

Frederick  Co. — Old  Liberty  mine,  near  Liberty  Town,  black  copper,  malachite,  ohalco- 
oite,  specular  iron ;  at  DoUyhyde  mine,  barniUy  ohalcopyzite,  pyrite,  azgentif erons  galenUe  in 
dolomite. 

Montgomery  Co.—Oxide  of  manganese, 

Somerset  and  Worcester  Cos.,  north  part. — Dog-iron  ore,  vivianite, 

St.  Mary's  Riyer. — Oypsum/  in  day* 

Ptlssyillb,  Harford  Co. — ^Asbestus  mine. 

YIBGINIA  and  DISTRICT  OF  COLUMBIA. 

Albemarle  Co.,  a  little  west  of  the  Green  Ws,— Steatite^  grap/uiSy  galenito. 
Amherst  Co.,  along  the  west  base  of  Buffalo  ridge. — Copper  ores,  allanite,  eta 
Augusta  Co. — ^At  Weyer's  (or  Weirds)  caTe,  sixteen  mUes  northeast  of  StanntOB, 
ttl^ty-one  miles  northwest  of  Richmond,  calcite,  stalactites. 
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Buck EzroH All  Oo.-^Chfd  at  Gamett  and  Moselej  mines,  also,  pyrite,  pyzrhoiite,  caldte, 
garnet ;  at  Eldridge  mine  (now  London  and  Virginia  mines)  near  by,  and  the  Bndcingham 
mines  near  Maysville,  gold,  auriferous  pyrite,  chalcopyrite,  tennantitei  barits;  cyaniU,  tcmr* 
malme^  actinoUte, 

Ohesterfibld  Go. — ^Near  this  and  Richmond  Go.  bituminous  coal,  natiye  ookeu 

GoLPEPPBR  Go.,  on  Bapidan  river. — Gold,  pyrite. 

Franklin  Go.— Grayish  steatite. 

Fauquier  Go.,  BametVs  mills. — Asbestns,  g^ld  mines,  bariU,  ealetts, 

Fluvanna  Go. — Gold  at  Stockton^s  mine ;  also  tetradymite  at  **  Tellurium  mine." 

PiiENJZ  Gopper  mines. — Ofuxloopyrite^  eta 

Georgetown,  D.  G.->Butile. 

Goochland  Go.— Gold  mines  (Moss  and  Busby's). 

Harper's  Ferrt,  on  both  sides  of  thedPotomao. — Thuringite  (owenite)  with  quarts. 

Jefferson  Go.,  at  Shepherdstown. —Fluor. 

Kekawha  Go. — At  Kenawha,  petroleum^  brine  springs,  oannel  coal. 

Loudon  Go. — TcLbidar  quarU^  drase,  pyrite^  tale,  efUorite,  ^oapttone,  asbestns,  ehromUe^ 
acUndUte^  quarts  cryitaU  ;  mieaeeous  iran^  bomite,  malachite,  epidote,  near  Leesburg  (Poto- 
maomine). 

Louisa  Go. — ^Walton  gold  mine,  gold,  pyrite,  ohaloopyiite,  argentiferous  galenite,  siderite, 
blende,  anglesite  ;  boulangerite,  blende  (at  Tinder's  mine). 

Nelson  Go. — Galenite,  chaloopyrite,  malachite. 

Orange  Go. — Western  part,  Blue  Eidge,  specular  iron;  gold  at  the  Orange  Grove  and 
Yaucluse  gold  mines,  worked  by  the  **  Freehold  "  and  *  ^Liberty"  Mining  Gompanie& 

BoCKBRiDGE  Go.,  three  miles  southwest  of  Lexington. — ^Barite. 

Shenandoah  Go.,  near  Woodstock:— Fluorite. 

Mt.  Alto,  Blue  Bidge. — ^Arfrillaoeous  iron  ore. 

Spottbtlyania  Go.,  two  miles  northeast  of  Ghancellorrille. — Cyanite  ;  gold  mines  at  the 
junction  of  the  Rappahannock  and  Bapidan;  on  the  Bappahannook  (Marshall  mine) ;  White- 
hall mine,  affording  also  tetradymite. 

Stafford  Co.  ,  eight  or  ten  miles  from  Falmouth — ^Micaceous  iron,  gold,  tetradymite,  sil- 
ver, galenite,  Tivianite. 

Washington  Go.,  eighteen  miles  from  Abington. — Rock  salt  with  gypsum. 

Wythe  Go.  (Austin's  mines). —  Certissite,  minium,  plumbic  ochre,  blende,  calamine,  galeniie^ 
graphite. 

On  the  Potomac,  twenty-fiye  miles  north  of  Washington  city. — NaUte  eulphur  in  gny 
oompact  limestone. 

NOBTH  GABOLINA. 

Ashe  Go. — Malachite,  chalcopyrite. 

Buncombe  Go.,  (now  called  Madison  Co), — Gorundum  (from  a  boulder),  margarite^  comn* 
dophilite,  garnet,  chromite,  baxite,  fluorite,  mtile,  iron  ores,  manganese,  zircon;  at  Swan- 
nanoaGap,  cyanite. 

BuRKB  Go. — Gold,  monasite,  zircon,  beryl,  corundum,  garnet,  sphene,  graphite,  iron  ores, 
tetradymite,  montanite. 

Caiiahrus  Go. — Phenix  Mine,  gold,  barite,  efialcopyrite,  auriferous  pyrite,  quartz,  pseudo- 
morph  after  barite.  tetradymite,  montanite ;  Pioneer  mines,  gold,  limonite,  pyrolusite,  bam- 
hardite,  toolfram^  hchedite,  cnprotungstite,  tungstite,  diamond,  chrysocolla,  ohalcocite,  molyb- 
denite, diaieopyrite,  pyrite ;  White  mine,  needle  ore,  chslcopyrite,  barite ;  Long  and  Muse's 
mine,  argentiferous  galenite,  pyrite,  chalcopyrite,  Ihnonite ;  Boger  mine,  tetradymite ;  Fink 
mine,  raluable  copper  ores ;  Mt.  Makins,  tetrahedrite,  msgnetite,  talc,  blende,  pyrite,  prous 
Ute,  galenite ;  Bangle  mine,  scheelite. 

Galdwell  Go. — Ghromite. 

Ghatham  Go. — ^Mineral  coal,  pyrite,  chloritoid. 

Gherokrb  Go.— Iron  ores,  gold,  galenite.  corundum,  mtile,  cyanite,  damonite. 

Cleveland  Go. — White  Plains,  quarts^  crystals,  smoky  quartz^  tourmaline,  mtile  in  quarts. 

Clay  Co. — At  the  Cullakenee  Mine  and  elsewhere,  corundum  (pink),  zoisite,  tourmaline, 
oiargarite,  willcoxite^  dndleyite. 

Davidson  Go. — Kmg's,  now  Washington  mine,  native,  stiver,  cemssite,  anglesite,  scheelite, 
mrromorphite,  galenite,  blende,  malachite,  black  copper,  tMvellite,  garnet,  stilbite  ;  five  miles 
from  Washington  mine,  on  Faust's  farm,  gold,  tetradymite,  oxide  of  bismuth  and  tellurium, 
montanite,  chalcopyrite,  limonite,  spathic  iron,  epidote ;  near  Squire  Ward's,  gold  in  crys- 
tals, electrum. 

Franklin  Ga — ^At  Partiss  mine,  diamonds. 

Gaston  Go. — Iron  ores,  corundum,  margarite;    near  Crowder's  Mountain  (in  what 
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formerly  Linooln  Go.)*  UuBuUte,  eyamUe^  garnet^  graphite ;  alao  twenty  miles  northeast,  neai 
south  end  of  Clubb's  Mtn.,  laziUite,  oyanite,  talc,  ratile,  topaz,  pyrophyOiUe ;  King^s  Hoim- 
tain  (or  Briggs)  Mine,  natiye  tellurium^  altalte,  tedradymite,  montanite. 

Guilford  Co. — ^McGalloch  copper  and  gold  mine,  twelve  miles  from  Greensboro*,  gdi^ 
pyrUe^  (HuUeopyriU  (worked  for  copper),  quartz,  slderite.  The  North  Carolina  Copper  Co.  are 
working  the  copper  ore  at  the  old  Fentress  mine;  at  Deep  Biver,  compact  pyrophySUU 
(worked  for  slate-pencils). 

Haywood  Co. — Corundom,  margarite,  damonrite. 

Henderson  Co. — Ziroon^  sphene  (xanthitane). 

Jackson  Co. — Alnnogen?  at  Smoky  Mt.;  at  Webster,  serpentine,  chromite,  genthite, 
ehrysoUtSy  talc;  Hoghalt  Mt,  pink  corundum,  margarite,  tourmaline. 

Lincoln  Co. — Diamond  ;  at  Bandleman^s,  ametliysty  loae  quartz. 

Macon  Co. — Franklin,  Culsagee  Mine,  corundum,  spinel,  dLaspore,  tourmaline,  dajnonzite, 
prochlorite,  culsageeite,  kerrite,  maconite. 

McDowell  Co. — Brookite,  monazite,  corundum  in  small  crystals  red  and  white,  eircoM^ 
garnet,  beiyl,  sphene,  zenotime,  rutile,  elastic  sandstone,  iron  ores,  pyromelane,  tetrady- 
mite,  montanite. 

Madison  Co. — 20  miles  from  Asheville,  corundum,  margarite,  chlorite. 

Mecklenburg  Co. — ^Near  Charlotte  (Rhea  and  Cathay  mines)  and  elsewhere,  chalcopyrite^ 
gold;  ohalcotrichite  at  McGinn's  mine;  bamhardtite  near  Charlotte;  pyrophyllite  in  Coi- 
ton  Stone  Mountain,  diamond ;  Flowe  mine,  soheelite,  wolframite ;  Todd's  Branch,  mona^ 
nte, 

Mitchell  Co. — Sofnarskite,  pyrochloTe(?),  euxenite,  columbite,  muMOtfUe. 

Montgomery  Ck). — Steele's  mine,  ripidolite,  albite. 

Moore  Co. — Carbonton,  compact  pyrophyllite. 

BowAN  Co. — Gold  Hill  Mines,  thirty-eight  miles  northeast  of  Charlotte,  and  fourteen 
from  Salisbury,  gold,  auriferous  pyrite  ;  ten  miles  from  Salisbury,  feldspar  in  crystals,  bit- 
muthinite. 

Randolph  Co.— Pyrophyllite. 

Rutherford  Co.— Ooid,  graphite^  bismuthic  gold,  diamond,  eudase,  p&eudomorpfiau$ 
quartz  f,  chalcedony,  corundum  in  small  crystals,  epidote^  pyrope^  brookite,  zircon,  monazite, 
ntherfordite,  samarskite,  quartz  oryatalg^  itacolumyte ;  on  the  road  to  Cooper's  Gap, 
ejanite. 

Stokes  and  Surry  Cos. — Iron  ores,  graphite. 

Union  Co. — Leramond  gold  mine,  eighteen  miles  from  Concord  (at  Stewart's  and  Moore'a 
mine),  gold,  quartz,  blende,  argentiferous  galenite  (containing  29*4  oz.  of  gold  and  86*5  c«. 
of  silver  to  the  ton,  Genth),  pyrite,  some  chalcopyrite. 

Yancey  Co. — Iron  ores,  amianthus,  chromite^  garnet  (spessartite),  samarskite. 

SOUTH  CAROLINA. 

Abbeville. — Disr.—Oakland  Grove,  gcid  (Dom  mine),  galenite,  pyromoiphite,  amethyst, 
garnet. 

Anderson  Dibt. — At  Pendleton,  aotinoUtey  galenite,  kaolin,  tourmaline, 

Charleston.  — 8eienite. 

Cheowbe  Valley.— Galenite,  tourmaline,  gold. 

Chesterfield  Dist.— Gold  (Brewer's  mine),  talc,  chlorite,  pyrophyllite,  pyrite,  nativt 
Vismuth,  carbonate  of  bismuth,  red  and  yellow  ochre,  whetstone,  enazgite. 

Darlington. —Kaolin. 

Edgefield  Dist.— Psilomelane. 

Greenville  Dist.— Galenite,  pyromorphite,  kaolin,  ohaloedony  in  buhrstone,  bezyl, 
plumbago,  epidote,  tourmaUne. 

Kershaw  Dist. — Rutile, 

Lancaster  Dist. — Gold  (Hale's  mine),  talc,  chlorite,  cyanite,  elastic  sandstone,  pyrite; 
gold  also  at  Blackman's  mine,  Massey's  mine,  Ezell's  mine. 

Laurens*  Dist. — Corundum,  damourite. 

Newberry  Dist. — Leadhillite. 

Picken's  Dist. — Gold,  manganese  ores,  kaolin. 

Richland  Dist.  — Chiastolite,  novaculite. 

Spartanburg  Dibt.— Magnetite,  chalcedonj^htmatite]  attheCowpen8,limoiiite,)3ftt^pMe4 
lim€»tone,  copperas ;  Moigan  mine,  leadhillite,  pyromorphite,  cerussite. 

Sumtbr  Dist. — Agate. 

UviON  Dist. — Fairforest  gold  mines,  pyrite,  chalcopyrite. 

loRK  Dist. — Limestones,  whetstones,  witherite,  barite,  tetradymite. 
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GEORGIA. 

Bimn  AND  ScRiYEK  Cos.— Hyalite. 

Ghrrokes  Oo. — ^At  GantoD  Mine,  ohaloopyrite,  galenite,  daosthalite,  plambognmmite, 
^tchooddte,  anenopyrite^  lanihanite,  harrisUe^  eantonite,  pyromoiphite,  aatomolite,  zimt, 
■tauxolite,  cyanite  ;  at  Ball-Groond.  spodamene. 

Glabk  Go.,  near  ClarksYHle. — Gold,  xenotime^  xiroon,  mtile,  i^yanite,  hematite,  ^'araet, 

quartz. 

Dade  Go. — Halloysite,  near  Rising  Fawn. 

Fannik  Ck>. — StauroUts/  ohaloopyrite. 

Habersham  Go. — OMy  pyrite,  ohaloopyrite,  galenUSf  hornblende,  garnet,  quartz,  kaolinite, 
•oapstone,  chlorite,  rutUe,  iron  ores,  tourmaline,  staurolite,  ziroon. 

HALii  Co. — GM,  quartz,  kaolin,  diamond. 

Hancock  Go. — Agate,  ohalcedony. 

Heard  Co. — Mdyhditef  quartz. 

Lincoln  Go. — LazuUte!  I  rtUHel  I  hematite,  oyanite,  menaooaaite,  pyrophyOiU,  gold, 
itaoolumyte  rock. 

LoWNB  Go. — Corundum. 

LtJMFKiN  Go. — At  Field's  gold  mine,  near  Dahlonega,^a2(f,  UtradymiU^  pyrrhotite,  ohlorite, 
menaooanite,  allanite,  apatite. 

Rabun  Co.— Gold,  chalcopynU. 

Spauldino  Co. — Tetradymite. 

Washinoton  Go.  ,  near  Saundersville. — WavdUU^  fire  opal 

ALABAMA. 

Bibb  Co.,  Gentreyille. — Iron  ores,  marble,  barite,  ooal,  cobalt. 

Tuscaloosa  Co. — Coal,  galenite,  pyrite,  yivianite,  limonite,  oaldte,  dolomite,  cyanite, 
steatite,  quartz  crystals,  manganese  eres. 
Benton  Go. — ^Antimonial  lead  ore  (boulangerite?) 
Tallapoosa  Co.,  at  Dudley ville. — Corundum,  spinel,  tourmaline. 

FLORIDA. 

Near  Tampa  Bat. — Limestone,  sulphur  springs,  chalcedony,  oamelian,  agate,  silioiiled 
theDs  and  corals. 

KENTUCKY. 

Anderson  Co. — Galenite,  barite.      x 
Clinton  Co.— Geodes  of  quartz. 
Crittenden  Go. — Galenite,  fluorite,  caldte. 

Cumberland  Oo, — At  mammoth  OsYe,  gppsum  rosettes/  oaldte,  stalactites,  nitre,  ep- 
somite. 
Fatette  Go. — Six  miles  N.E.  of  Lexington,  galenite,  barite,  witherite,  blende. 
LiYiNOBTONE  Go.,  near  the  line  of  Union  Co.— -Galenite,  ohaloopyrite,  huge  yein  of  fluorite. 
Mercer  Go. — At  McAfee,  fluorite^  pyrUe^  oaldte,  barite,  celestite. 
Owen  Co.— Galenite,  barite. 

TENNESSEE. 

Brown^s  Creek. — Galenite,  blende,  barite,  celestite. 

Carter's  Co.,  foot  of  Roan  Mt — SaJdite^  magnetite. 

Claiborne  Co. — CaJlamine,  galenite,  smithsonite,  chlorite,  steatite,  magnetite. 

OocKE  Co.,  near  Brush  Creek. — Cacoxene?  kraurite,  iron  sinter,  stilpnosiderite,  brown 
iMmatite. 

Dayidson  Go. — Selenite,  with  granular  and  snowy  gitpeum^  or  alabaster,  crystallised  and 
oompact  anhydrite,  fluorite  in  crystals?  eakite  in  crystals.  Near  NashviUe,  blue  edeetUe^ 
(crystallised,  fibrous,  and  radiated),  with  hariU  in  limestone.  Haysboro',  galenite,  blende, 
with  barite  as  the  gangue  of  the  ore. 

Dickson  Co.— Manganite. 
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Jeffebson  Co.—Oalamine^  galonite,  fetid  bazite. 

Knox  Ck). — ^Magnesian  limestone,  native  iron,  variegated  ma/rblm  I 

Maurt  Co. — ^Wavellite  in  limestone. 

Morgan  Co. — Epsom  salt,  nitrate  of  lime. 

Polk  Co.,  Ducktown  mines,  southeast  corner  of  State. — ^Melaconite,  chaloopjzite,  pjrite, 
native  copper,  bomite,  rutile,  zoisite^  galenite,  harrisUe,  alisonite,  blende,  pyroaene,  trmoHU, 
ttUpTiates  of  copper  and  iron  in  stalactites,  allophane,  rahtite,  chaloocite  (ducktownite),  ohal- 
ootriohite,  azurite,  malachite,  pyrrhoiite^  limonite. 

BoAN  Co.,  eastern  declivity  of  Cumberland  Mts. — ^Wavellite  in  limestone. 

Sevier  Co.,  in  caverns. — ^Epsom  salt,  soda  alum,  saltpetre,  nitrate  of  lime,  breeda  marbU. 

Smith  Co.— Fluorite. 

Smokt  Mt.,  on  declivity. — Hornblende,  garnet,  stanrolite. 

Whitb  Co.— liitre, 

OHIO. 

Bainbridob  (Copperas  Mt,  a  few  miles  east  of  B.)* — Calcite,  bazite,  pjrite,  copperas, 
almn. 

CASFIKLD,—  0pp9Um  / 

Duck  Creek,  Monroe  Co. — Petroleum. 

Lake  Erie. — Strontian  Island,  celestite/  Put-in  Bay  Island,  eefestite/  sulphur/  calcita 

Liverpool. — Petroleum. 

Marietta. — ^Argillaceous  iron  ore ;  iron  ore  abundant  also  in  Scioto  and  Lawrence  Ccm. 

Ottawa  Co. — Gypsum. 

Poland. — Gypsum  / 

MICHIGAN. 

Bbest  (Monroe  Co.). — Ca^dte^  amethystine  quartz,  apatite,  oelestite. 

Grand  Rapids. — JSelenite^  fib.  and  granular  gypmim^caioUf^  dolomite^  anhydrite. 

*Lake  Superior  Mining  Region. — The  four  principal  regions  are  Keweenaw  Point,  I&fl 
Royale,  the  Ontonagon,  and  Portage  Lake.  The  mines  of  Keweenaw  Point  are  along  two 
ranges  of  elevation,  one  known  as  the  Greenstone  Range,  and  the  other  as  the  Southern  or 
Bohemian  Range  (Whitney) .  The  copper  occurs  in  the  trap  or  amygdaloid,  and  in  the  asso- 
ciated conglomerate.  Native  cqpper  I  native  silver  I  chalcopyrite,  horn'  silver,  tetrahedrite, 
manganese  ores,  epidote,  prehm'te,  laumonfite,  datolite^  heulandite,  orthodaae,  analoite,  cha- 
bazite,  compact  datolite,  chrysocolla,  mesotype  (Copper  Falls  mine),  leonhardUe  (ib.)»  antUeits 
(ib.),  apophyllite  (at  Cliff  mine),  woUastonite  (ib.),  calcite,  quartz  (in  ciystals  at  Minnesota 
mine),  compact  datolite,  orthoclase  (Superior  mine),  sapanite,  melaconite  (near  Oopper  Har- 
bor, but  exhausted),  chrysocolla ;  on  Chocolate  River,  galenite  and  sulphide  of  copper ;  chal- 
copyrite and  native  copper  at  Presq^  Isle ;  at  Albion  mine,  domeykite  ;  at  Prince  Vein,  barite^ 
calcite^  ametliyst;  at  Michipicoten  Ids.,  copper  nickel,  stilbite,  anaicite ;  at  Albany  and  Bos- 
ton mine,  Portage  Lake,  prefinite^  anaicite,  orthoclase^  cuprite ;  at  Sheldon  location,  domey- 
kite,  whitneyite,  algodonite;  Isle  Royale  mine,  Portage  Lake,  compact  datolite ;  Quincymiiie, 
calcite,  compact  datolite.  At  the  Spurr  Mountain  Iron  mine  (magnetite),  chlorite  peeado- 
morph  after  garnet. 

Marquette. — Manganite,  galenite ;  twelve  miles  west  at  Jackson  Mt.,  and  other  mines, 
hematite^  limonite,  gdthiie !  magnetite,  jasper. 

Monroe. — Aragonite,  apatite. 

Point  aux  Peaux  (Monroe  Co.). — AmeQtystine  quartz,  apatUe,  celestite,  ealcUe, 

Saginaw  Bat. — At  Alabaster,  gypsum, 

Stont  Point  (Monroe  Co.). — ^Apatite,  amethystine  quarts,  celestite,  caldta. 

ILLINOIS. 

Gallatin  Co..  on  a  branch  of  Grand  Pierre  Creek,  sixteeu  to  thirty  miles  from  Shawnee- 
town,  down  the  Ohio,  and  from  half  to  eight  miles  from  this  river. —  Violet  fluorite .'  in  oar 
boniferous  limestone,  barite,  galenite,  blende,  brown  iron  ore. 

Hancock  Co. — At  Warsaw,  quartz  geodes/  containing  cdMiel  dtaleedony,  dolomite,  blende ^ 
brown  spar,  pyrite,  aragonite,  gypsum,  bitumen. 

*  See  also  Pumpelly ;  on  the  Parageneds  of  copper  and  its  aaBodate  minerals  on  Lake 
Bvpezior     Am.  J.  Sd,  III.,  z,  17. 
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Habdin  Oo. — ^Near  Roadaid,  ealeite^  galenite,  blende ;  flye  miles  back  from  Elisabeth 
town,  bos^-iron  ;  one  mile  north  of  the  riyer,  between  Elizabethtown  and  Rodolare,  nUrs. 

Jo  Daylbs  Go. — At  Galena,  gnUniU^  calcite,  pyriU^  blende;  at Manden's digging!,  gdlan^ 
ite  /  blende,  eentssUe,  maroasite  in  stalactiiio  forma,  pyrite. 

JoLiET.  — Marble. 

QviscY.—CalcUe/  pyrite. 

8CALB8  MouMD. — Barite,  pyrite. 

INDUNA. 

L1MB8TONB  Oayehnb  ;  Goxydon  Caves,  eto.^JS^Mom  salt. 

In  most  of  the  southwest  counties,  pyrite^  iron  siUphate,  and  feather  tUum ;  on  Sngai 
Greek,  pyrite  and  iron  eulphate;  in  sandstone  of  Lloyd  Co.,  near  tiie  Ohio,  gypmtm  ;  at  thf 
top  of  the  bine  limestone  formation,  brown  epar^  eaicite, 

Lawbbhcb  Go. — Spice  Valle,  kaolinite  (=indianaite). 

MINNESOTA. 

North  Shore  of  L.  Superior)  range  of  hills  running  nearly  northeast  and  southwest, 
extending  from  Fond  du  Lao  Superieure  to  the  Kamanistiqueia  River  in  Upper  Canada). — 
Seoleette,  apophylUte,  prehnite,  etilbite,  lamnontite^  heulandUe,  harmotame,  thomsonite,  fluorite, 
baritey  tourmaline,  epidote,  hornblende,  caloite,  quartz  crystals,  pyrite,  magnetite,  stea- 
tite, blende,  black  oxyd  of  copper,  malachite,  native  copper,  chidcopyrite,  amethystine 
qui^ta,  ferruginous  quartz,  chalcedony,  camelian,  agate,  drusy  quartz,  hyalite  ?  fibrous  quarts, 
jasper,  prase  (in  the  debris  of  the  lake  shore),  dogtooth,  spar,  augite,  native  silver,  spoduraene  ? 
chlorite ;  between  Pigeon  Point  and  Fond  du  Lac,  near  Baptism  River,  saponite  (thalite)  in 
amygdaloid. 

Kbttlb  Riyer  Trap  Range. — ^Epidote,  nail-head  calcite,  amethystine  quartz,  caloite, 
undetermined  zeolites,  saponite. 

Stillwater.  — Blende . 

Falls  of  the  St.  Croix. — Malachite,  native  copper,  epidote,  nail-head  spar. 

Rainy  Lake. — Actinolite,  tremolite,  fibrous  hornblende,  garnet,  pyrite,  magnetite,  steatite. 

WISCONSIN. 

Bio  Bull  Falls  (near).— Bog  iron. 

Blub  Mound&— Ceruasite. 

Hazlb  Green. — Caloite. 

Lac  Du  Flambeau  R. — Garnet,  c^anite. 

Left  Hand  R.  (near  small  tributary). — Malachite,  chaloodte,  native  oopper,  red  ooppei 
ore,  earthy  malachite,  epidote,  chlorite  ?  quartz  ciystals. 

Linden. — Oalenite,  smitheonite,  hydroandte. 

Mineral  Point  and  vicinity. — Copper  and  lead  ores,  ohrysocoUa,  aturitef  chalcopyrite. 
malachite,  gaienite,  oemssite,  anglesite,  blende,  pyrite,  barite,  caleite,  mareasite,  smithionite) 
(so-called  *'diy-bone"). 

Montreal  River  Portage. — Oalenite  in  gneiasoid  granite. 

Sank  Go. — ^Hematite,  malachite,  chalcopyrite. 

SHULL8BUR0. — Oalenite  I  blende,  pyrite ;  at  Bmmet's  digging,  galenite  and  pyrite. 

IOWA. 

Du  BuQUB  Lead  Minks,  and  elsewhere. — OfHenite/  eaicite,  blende,  black  oxide  of  man- 
ganese ;  at  Ewing's  and  Sherard^s  diggings,  emit/teonite,  calamine ;  at  Des  Moines,  quarts 
oystals,  selenite  ;  Makoqueta  B.,  brown  iron  ore;  near  Dnrango,  galenite. 

Cedar  Riyer,  a  branch  of  the  Des  Moines. — Sdenite  In  crystals,  in  the  bituii&inous  shale 
of  the  ooal  measures ;  also  elsewhere  on  the  Des  Moines,  gypsum  abundant ;  aigillaceoua 
iron  ore,  spathic  iron ;  copperas  in  crystals  on  the  Des  Moines,  above  the  Moath  of  Saaf 
and  elsewhere,  pyrite^  blende. 

Fort  \>oDQn,'-Cde»tUe. 

Ma  KOQUBTA.-^Hematite. 

Nkw  Galbna.— Octahedral  tralenite,  aagletite. 
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MISSOURI. 

BntMiNOlLUff.  — Limonite. 

Graitbt. — Sphalerite^  gdlenUe^  calamine,  greenockite.  as  a  ooatiixg  on  Bphaledte. 

JsFFERSON  Co.,  at  Valleys  diggings. — SaleniU,  eertusite,  angleaite,  calamine,  dialoopy 
rite  malachite,  aznrite,  witherita 

Mine  &  Bubton. — OaJLenite^  cenuHU,  angUnte,  barite^  caldte. 

Deep  DiaoiNO& — Malachite,  ceruuUe  in  dystals  and  manganese  ore. 

Madison  Co. — ^Wolframite. 

Mine  La  Motte. — Qalefnitel  malachite,  earthy  cobalt  and  nickel,  bog  manganese,  sulph- 
ide of  iron  and  nickel,  cerumte^  caledonite,  plnmbogommite,  wolframite,  aiegenUe^  smaltite, 
aragonite. 

St.  Louia — MtUerite,  calcite,  dolomite,  earthy  barite,  flnorite. 

St.  Francis  Biter —Wolframite. 

Perry^s  DiaoiNGB,  and  elsewhere. — Oalenite,  etc. 

Forty  miles  west  of  the  Mississippi  and  ninety  south  of  St.  Lonis,  the  iron  moanbuna, 
specular  iron,  limonite ;  10  m.  east  of  Ironton,  wolframite,  tnngstite. 

ARKANSAS. 

Batbsyille. — In  bed  of  White  B.,  some  miles  above  Batesyille,  gold. 

Green  Co. — Near  Gainesville,  lignite. 

Hot  SPRmas  Co. — At  Hot  Springs,  waveRite,  thnringite ;  Magnet  Cove,  hroofcUe/  ickar- 
hmite,  elcBoUU^  magnetite,  quartz,  green  cocoollte,  garnet,  apatite,  perofskite  (hydrotltanite), 
mtile,  ripidolite,  thomsoniie  (ozarMte),  microcline,  s^^te. 

Independence  Co. — LafPeray  Cre^,  psilomelane. 

Lawrence  Co. — Hoppe,  Bath,  and  Koch  mines,  smithaoniU^  dolomite,  galenite ;  nitre. 

Marion  Co. — ^Wood^s  mine,  smithsonite,  hydrozincite  (marionite),  galenite  ;  Poke  bayoo, 
Iraunttef 

OqachitaSprinos.— Qtmrte.'  whetstones. 

Pulaski  Co.— Kellogg  mine,  10  m.  north  of  Little  Bock,  tetrahedrite,  tennjntiU^  nacrite 
galenite,  blende,  quartz. 

CALIFOBNIA. 

The  principal  gold  minee  of  California  are  in  Tulare,  Fresno,  Mariposa,  Tuolumne,  Cala- 
vevas.  El  Dorado,  Placer,  Nevada,  Yuba,  Sierra.  Butte,  Plumas,  Shasta,  Siskiyou,  and  Del 
Norte  counties.  Although  gold  is  found  in  almost  every  county  of  the  State.  The  gold  occnra 
in  quartz,  associated  with  salphides  of  iron,  copper,  zinc,  and  lead ;  in  Calaveras  and  Tuo- 
lomne  counties,  at  the  Mellones,  Stanislaus,  Golden  BnJe,  and  Bawhide  mines,  associated 
with  teUurides  of  gold  and  silver ;  it  is  also  largely  obtained  from  placer  diggings,  and  further 
it  is  fouad  in  beach  washings  in  Del  Norte  and  Klamath  counties. 

The  copper  mines  are  principally  at  or  near  Copperopolis,  in  Calveras  county ;  near  Genesee 
Valley,  in  Plumas  county ;  near  Low  Divide,  in  Del  Norte  county ;  on  the  north  fork  of 
Smith's  Biver ;  at  Soledad,  in  Los  Angeles  county. 

The  mercury  mines  are  at  or  near  New  Almaden  and  North  Almaden,  in  Santa  Clara  county; 
at  New  Idria  and  San  Carlos,  Monterey  county ;  in  San  Luis  Obispo  county ;  at  Pioneei 
mine,  and  other  localities  in  Lake  couoty ;  in  Santa  Barbara  couni7. 

Ali*inb  Co. — ^Morning  Star  mine,  enargite,  stephanite,  polybasite,  barite,  quarts,  pyrite, 
tetrahedite. 

Amador  Co. — At  Volcano,  chalcedony,  hyalite. 

Alameda  Co. — Diabolo  Bauge,  magnesite. 

Butte  Co. — Cherokee  Flat,  diamond,  platinum,  iridosmine. 

Calaveras  Co. — Copperopolis,  chaleopyrite,  malachite,  asfurite,  serpentine,  picroUte,  nativv 
copper,  near  Murphy's,  jasper,  opal ;  albite,  with  gold  and  pyrite ;  Mellones  mine,  ealav«iiSf 
pelzite. 

CoNTRA-CosTA  Co. — Sttu  Autonlo,  chalcedony. 

Del  Norte  Co. — Cresoent  City,  agate,  camelian;  Low  Divide,  chalcopyrite,  bomitflii 
malachite ;  on  the  coast,  iridosmine,  pla^.nu*r. 

El  Dorado  Co. — ^Pilot  Hill,  chalcopyritb ,  near  Georgetown,  hessite,  from  placer  dig* 
gioga;  Boger's  Claim,  Hope  Valley,  grossular  garnet,  in  copper  ore;  Cdoma,  ehromUe, 
Sp«Diah  D^  Diggings,  gold;  Granite  Creek,  rosooelite,  gold. 
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flftB8N0  Go. — Ghowchillas,  cmdaXutUe. 

HTJliBOLDT  Co. — Oiyptomorphite. 

Inoo  Co.— ]^o  distziot,  galenite^  cerusaite,  onglesite,  barite^  at«oamite,  oaicite,  gtoamlat 
garnet! 

Lake  Co*— Borax  Lake,  hcrax!  saaaolite,  glauberiU  ;  Pioneer  mine,  cinnabar,  native  mer- 
eozy,  selenide  of  mercury ;  near  the  Oeyserg,  sulphur,  hyalite ;  Bedington  mine,  metacinna- 
barite. 

Los  Angeles  Go. — ^Near  Banta  Anna  Biver,  ariJiydrite ;  Williams  Pass,  chalcedony; 
Boledad  mines,  chalcopyrite,  garnet^  gypsum ;  Mountain  Meadows,  garnet,  in  copper  ore. 

Mariposa  Go.— Chalcopyrite,  itacolumyte;  Centreyille,  cinnabar;  Pine  Tree  Mine,  tetra- 
hedrite  ;  Burns  Greek,  limonite ;  Geyer  Gulch,  pyrophyllite  ;  La  Victoria  mine,  asurite  I  neai 
Conlterville,  cinnabar,  gold. 

Mono  Co. — ^Partzite. 

Monterey  Go. — Alisal  Mine,  arsenic ;  near  Paneches,  chalcedony ;  New  Idria  mine,  cin- 
nabar ;  near  New  Idria,  chromite,  zaratite,  chrome  garnet ;  near  Pacheco^s  Pass,  stibnite. 

Nevada  Co. — Grass  Valley,  gold/  in  quartz  veins,  with  pyrite,  chalcopyrite,  blende, 
arsenopyrite,  galenite,  guartZy  biotite ;  near  Truckee  Pass,  gypsum ;  Excelsior  Mine,  molyb- 
denite, with  molybdenite  and  gold  ;  Sweet  Land,  pyrolusite. 

Placer  Co.— Miner's  Bavine,  epidoteJ  with  quartz^  gold, 

Plumas  Co.— Genesee  Valley,  chalcopyrite ;  Hope  mines,  bornitSj  sulphur. 

Santa  Barbara  Go. — San  Amedio  Canon,  stibnite,  asphaltum,  bitumen,  maltha,  petro- 
leum, cinnabar,  iodide  of  mercury  ;  Santa  Clara  Biver,  sulphur. 

San  Diego  Co. — Carisso  Greek,  gypsum  ;  San  Isabel,  tourmaline,  orthodase,  garnet. 

San  Francisco  Co.— Bed  Island,  pyrolusite  and  manganese  ores. 

Santa  Clara  Co.— New  Almaden,  dnnabar^  caleite,  aragoniUy  serpentine,  chrysolite, 
quartz,  aragotite ;  North  Almaden,  chromite ;  ML  Diabolo  Bauge,  magnesite,  datolite,  with 
vesuvianite  and  garnet. 

San  Luis  Obispo  Co. — Asphaltum,  cinnabar,  native  mercury. 

San  Bernardino  Go. — Colorado  Etiver,  agate,  trona ;  Temescal,  cassitezite  ;  Buss  Dlii- 
trict,  galenite,  cerussite  ;  Francis  mine,  cerargyrite. 

Shasta  Go. — Near  Shasta  City,  hematite,  in  large  masses. 

Siskiyou  Co. — Surprise  ViJley,  selenite,  in  large  slabs. 

Sonoma  Co. — Actinolite,  garnets. 

Tulare  Co. — Near  Visalia,  magnesite,  asplialtum. 

TuoL^JMNB  Co.— Tourmaline,  tremolite;  Sonora,  graplUU;  York  Tent,  chromite;  Golden 
Bule  mine,  peiaite^  ecUatente^  altaite,  hessite,  magnesite,  tetrahedrite,  gold  ;  Whiskey  Hill 
gM! 

Trinity  Co. — Cassiterite,  a  single  specimen  found. 

LOWEB  GALIFOIUaA. 
La  Paz. — Guprosoheelite.    Loretto. — ^Natrolite,  siderite,  selenite. 

UTAH. 

Beater  Go. — Bismuthinite,  bismite,  bismutite. 

TiNTic  District. — ^At  the  Shoebridge  mine,  the  Dragon  mine,  and  the  Mammoth  vein, 
enargite  with  pyrite. 

Box  Elder  Co.— Empire  mine,  wulferUtef 

In  the  Wahsatch  and  Oquirrh  mountains  there  are  extensive  mines,  especially  of  ores  ol 
lead  rich  in  silver.  At  the  Emma  mine  occur  galenite.  cervantite,  cerussite,  wulfenite, 
asurite,  malachite,  calamine,  anglesite,  linarlte,  sphalerite,  pyrite,  argentite,  stephanite, 
etc.     At  the  Lucky  Boy  mine,  Butterfield  Gaiion.,  orpiment,  realgfar. 

One  hundred  and  twenty  miles  south-west  of  Salt  Lake  City,  topaz  has  been  found  in  color- 
less crjstoLi. 

NEVADA. 

Carson  Valley.— Chrysolite. 

CnuRcniLL  Co. — Near  Bagtown,  gay-lusa-Uy  trona,  common  salt. 

Oomstock  Lode. — ^Gold,  native  stiver^  argentite^  atepftanite^  polybaaite^  P3rrargyrite,  prous 
kite,  tetrahedrite,  cerargyrite,  pyrite,  chalcopyrite,  galenite,  blende,  pyromorphite,  allemov 
>ite,  arseoolite.  quarts,  oaltdto,  gypsum,  cerussite,  cuprite,  wulfenite,  amethyst,  kiistelita. 
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SsMEiULDA  Go. — ^Alam,  12  m.  niorth  of  Bilver  Chreek ;  al  Auora,  fluorite,  itibnito :  aon 
Mono  Lake,  natiye  copper  and  oaprite,  obsidian ;  Golombos  distnct,  olezite ;  Walker  Jjake, 
gypBom,  hematite ;  Silver  Peak,  saU^  saltpetre,  aolphar,  ailyer  ores. 

HuHBOLDT  DiBTRiCT. — Sheba  mine,  native  niter,  jamesonite^  stibnite,  tetrahsfhite,  proas 
tite,  blende,  oerassite,  caloite,  boomonite,  pyrite,  g^enite,  malachite,  zanthooo^e  (?) 

Mammoth  District. — Orthoelase,  tnrqnois,  huSnerite,  scheelite. 

Beebe  Riykb  Distbict.— Native  silver,  prouetitey  pyrargyrUe,  stephanite,  Uende,  poij- 
bftrite,  rhodochrosite,  embolite,  tetrahedrUe  I  oeraigyrite,  embolite. 

San  Antonia. — Belmont  mine,  stetefeldtite. 

Six  Mils  Ca5(on. — Selenite. 

Obmbbt  Ck>.— W.  of  GaxBon,  epidote. 

SxoBET  Oo.— Alum,  natrolite,  scolesiie. 

ARIZONA. 

On  and  near  the  Colorado^  gold,  silver,  and  copper  mines;  at  BUI  WlUiams*  Foric,  oluj- 
sooolla,  malachite,  atacamite,  brochantite ;  IHyton  Lode,  gold,  fluorite,  oerargyrite  *  flkiimnf 
Lode,  octahedral  fluorite ;  at  various  places  in  the  southern  part  of  the  territory,  silver  and 
oopper  mines ;  Heintzehnann  mine,  etrameyeriU^  ohalcocite,  tetrahedrite,  atacamite.  Moa^ 
gomei^  mine,  Haraayampa  Dist,  tetradymite.    Whitneyite,  in  Southern  Ariaona. 


OBE€K>N. 

Qold  is  obtained  from  beach  washings  on  the  southern  coast ;  quarts  mines  and  placet 
mines  in  the  Josephine  district ;  also  on  the  Powder,  Burnt,  and  John  Day's  rivers,  and  othen 
places  in  eastern  Oregon ;  platinum,  iridosmine,  laurile,  on  the  Bogue  Biver^  at  Port  Oxford, 
and  Cape  Blanco.    In  Curxy  Co. ,  priceite. 

IDAHO. 

In  the  Owyhe<»,  Boise,  and  Flint  districts,  ffM,  also  extensive  silver  mines ;  Poor  Han  Lode, 
mrofrgyriul  prtnutitey  pyrargynte!  native  silver,  gout,  pyromorphite,  quans,  maiaehibe* 
pdybaaite;  on  Jordan  Chreek,  stream  tin;  Rising  Star  mine,  stepfianite,  a/rgentUe,  pyraigy 
xite. 

MONTANA. 

liany  mines  of  gold,  etc.,  west  of  the  Missouri  R.    HiOHLAim  Diotrict. — ^Tetradymite 
BiLYBR  Star  Dist.— Psittacinito. 

In  the  Yellowstone  Park,  in  Montana  and  Wyoming  Territories. — QeyeeriU, — Amethgei 
thalcedonyf  quartz  crystals,  quarts  on  caloite,  etc. 


COLORADO.* 

The  principal  gold  mines  of  Colorado  are  in  Boulder,  Gilpm,  Clear  Cjreek,  and  Jefferson 
Cos.,  on  a  line  of  country  a  few  miles  W.  of  Denver,  extending  from  Long's  Peak  to  Pike's 
Peak.  A  laige  portion  of  the  gold  is  associated  with  veins  of  pyrite  and  chalcopyrite ;  silver 
and  lead  mines  are  at  and  near  Geoigetowu,  Clear  Creek  Go. ,  ajid  to  the  westiK^eird  in  Sum- 
mit  Co.,  on  Snake  and  Swan  rivers. 

At  the  Georgetowit  mines  are  found :— native  silver,  pyraigyrite,  aigentite,  tetrahedrite, 
pyromorphite,  galenite,  sphalerite,  azurite,  aragonite,  barite,  fluorite,  mica. 

Trail  Greek. — Garnet,  epidote,  hornblende,  chlorite;  attiie  Freeland Lode,  tetrah^rite, 
tennantite,  anglesite,  caledonite,  cerussite,  tenorite,  siderite,  azurite,  minium  ;  at  the  Cham- 
pion Lode,  t«2norite,  azurite,  chrysocoUa,  malachite;  at  the  Gold  Belt  Lode,  vivianite;  at 
the  Kelly  Lorle,  tenorite ;  at  the  Coyote  Lode,  malaohite,  oyanocrichite. 

Near  Black  HAWK.~At  Willis  Gulch,  enaigite,  fluorite,  pyrite ;  at  the  Gflpin  Coini^ 
Lode,  oerargyrite ;  on  Gregory  HUl,  feldspar;  North  Clear  Creek,  llevrite. — OaleiuUf 

*  See  the  Catalogue  of  Minerals  of  Colorado  by  J.  Alden  Smith. 
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Bbar  CiiBBK.^S1norit6,  beiyl;  near  the  Malachite  Lode,  vioIo^tS^,  eupriU^  yeaoffanite^ 
feopazolite ;  Liberty  Lode,  ohaloodte. 

Snakb  Bivsb. — Penn  District,  embolite;  at  aeYeral  lodes,  pyrargyrlte,  native  aflvor, 
aznrite. 

BUBSBLL  District. — ^Delaware  Lode,  ehaloopyriU^  crystallized  ^oimi^^.— Epidote,  pyrita 

ViRaiNiA  GAf^ON. — ^Epidote,  fluorito  ;  at  the  Crystol  Lode,  natiye  silver,  spineL 

SuoAR  Loaf  District. — Chalcocite,  pyrrhotite,  garnet  (manganesion). 

Central  Gitt. — Garnet,  tenorite ;  at  Leavitt  Lode,  molybdenite;  on  Gonnell  Hill,  mag 
netite ;  at  the  Pleasantview  mine,  oerussite. 

Golden  City. — ^Aragonite. 

Bergen's  Ranchb.— Garnet  actraolite,  caldte. 

Boulder  Co.,  Red  Cloud  Mine. — ^Native  tellnriom,  altaite,  hessite  (petzite),  flylvanitOj 
oalaverite,  sohinnerite. 

Lakk  City,  at  the  Hotchkiss  Lode.— Petzite,  calaverite  (?),  eta 

Pike's  Peak,  on  Elk  Creek. — AmaeomUme  J  /  tmoky  qttarU/  aioen^urine  fddipar^  ama 
tfayst^  aUnU,  flnorite,  hematite,  anhydrite  (rare),  oolnmbite. 

CANADA. 

CANADA  BAST. 

Abbsoboicbib.  —  Labradorite. 

Bay  St.  Paul, -- MenwMoanitd  /  apatite,  allanite,  ratile  (or  bzookite  ?) 

AUBBRT.— Gold,  iridosmine,  platinum. 

Bolton.  —  GhromiUe.  magne^Ue^  serpentine,  picrolite,  steatite,  bitter  apar^  wad. 

BoucuBRYiLLB. — AuffUe  in  trap. 

Brome. — Magnetite,  ohalcopyrite,  epTienep  menaocanite,  phyllite,  sodalite,  oanorinit«, 
galenite,  chloritold. 

Chambly.— Analcite,  chabazite  and  calcite  in  trachyte,  menaceanite. 

Chateau  Richer. — Labradorite,  hyperethene^  andesite. 

Daillbbout. — Blue  spinel  with  clintonite. 

Grbnyille. — ^Wollastonite,  sphene^  vesuvianite,  caldte,  pyroxene,  steatite  (rensselaerite), 
ffomet  (cinnamon-stone),  »rcon^  graphite,  Bcapokte. 

Ham. — Chromite  in  serpentine,  dmllage,  antimony!  senarmontUe/  kermetUe,  wUmtinUe^ 
stibnite. 

iNYERNBsa — Variegated  copper. 

Lake  St.  TRKSCi%.^AndaLusite.m  mica  slate. 

Landsdown.  Sarite. 

Leeds. — Dolomite,  chalcopyrite,  gold,  eldoritoid, 

MiLLB  Isles. — Labradorite  /  menaocanite,  hypersthene,  andesite,  airoon. 

Montreal. — Calcite,  augitSy  sphene  in  trap,  chrysolite,  natrolite,  dawsonite. 

MoRm. — Sfphene^  apatite,  labradorite, 

Orfohd. — White  garnet,  chrome  garnet,  mUlerite,  serpentine. 

Otta  wa.— Pyroxene, 

PoLTON. — Chromite,  steatite,  serpentine,  amianthiu, 

RouOBHONT.— Augite  in  trap. 

Sherbrook. — At  Saffield  mine,  aOdtef  native  silver,  argentite,  chalcopyrite,  blenda 

St.  Arhand. — ^Micaceous  iron  ore  with  quartz,  epidote. 

St.  Francois  Be auoe.  — Gold,  platinum,  iridosmine,  menaocanite,  magnetite,  serpentinea 
chromite,  soapstone,  barite. 

St.  Jerome. — Sphene,  apatite,  chondrodUe,  phlogopite,  tourmaline^  tireon,  molybdenite, 
pyrrhotite. 

St.  Nor  BERT. — ^Amethyst  in  greenstone. 

Stukeley. — Serpentine,  verd-antigue  /  sohiller  spar. 

Sutton. — Magnetite  in  fine  crystals,  hematite,  rutHe,  dolomite,  magnetite,  chromiferooi 
tiUe,  bitter  spar,  steatite. 

Upton. — Chalcopyrite,  malachite,  caldte. 

Vaudreuil. — Limonite,  vivianite. 

Tamaska.— Sphene  in  trap. 

CANADA  WBST. 

Abnfrior.— Caldte. 

Balsam  Lake. — Molybdenite,  scapolite,  quartz,  pyroxene,  pyrite. 
Brantpord. — Sulphuric  acid  spring  (4 '2  parts  of  pure  sulphuric  add  in  1000). 
Bathurst.— Barite,  block  tourmaline,  perthite  (orthooiaae),  p&risterite  (aibite),  bytamMi0, 
pyroxene,  wilsonite,  soapolite,  apatite,  titanite. 
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BBOCKVrLLE.—P^te. 

Bromb. — Magnetite. 

Brucb  M1KE8. — Galdte^  dolomite,  qnarti,  chalcopyrite. 

BuRQESS.— iV^^^  albite,  miea,  sapphire,  sphene,  chalcopyzite,  apatiUf  Uaek  ipimtli 
Bpodnmene  (in  a  boulder),  aerpentine,  biotite. 

Bytown. — CalcCtSj  bytotonite^  chondrodite,  spinel 

Gape  Ifferwash.  Li^e  Huron. — Ozalite  in  ehales. 

Clarendon. —  Veimvicmite, 

Balhousie. — Hornblende,  dolomite. 

Drummund.  — Labradorite. 

Elizabethtown. — Fyrrhotite,  pprite^  coXoite,  magnetite,  talo,  phlogopite,  siderite,  apa- 
tite, cacoxenite. 

Elmset. — Pyroxene,  sphene,  feldspar,  ttnirmcUine,  apatite,  biotite,  ziroon,  red  spinel, 
chondrodite. 

FiTZROY. — ^Araber,  brown  tourmaUns,  in  quarts. 

CkETiNEAU  BiYER,  Blasdell's  Mills. — Galcite,  apatite,  tourmaline,  hornblende,  pyioxeDe. 

Grand  Calumet  Island. — Apatite,  phlogopite  /  pyroxene  !  sphene,  vetuvianite  /  f  serpen- 
tine,  tremolite,  scapolite,  brown  and  black  UmrmaliiM  /  pyrite,  loganite. 

HiGn  Falls  of  the  Madawaska. — Pyroxene/  hornblende. 

Hull. — Magnetite,  garnet,  graphite. 

HuNTER!»TOWN. — i^poHte^  tphem,  vesuYianite,  garnet,  brown  tourmaline/ 

Huntington.— Caieite  / 

In  niskillen.  — Petroleum. 

K  iNGBTON. — Geieatite. 

Lac  des  Chats,  Island  Portage. — Brown  tourmaline/  pyrite,  oaldte,  quarts. 

Lanark. — Raphilite  (hornblende),  serpentine,  asbeetns. 

Landstown. — Barite/  vein  27  in.  wide,  and  fine  crystals. 

Madoc. — Magnetite. 

Mamora. — ^Magnetite,  chalcolite,  garnet,  epsomite,  specular  iron. 

Maimansr. — Pitchblende  (ooracite). 

McNab. — Hematite,  barite. 

MicuiFiGOTEN  Island,  Lake  ^jrp&nor.^-Domeykite,  niooolite,  genthiU^ 

Ne WBORO UGn. — Ghondrodite,  graphite. 

P  ACKENH  AM . — Hornblende. 

Perth. — Apatite  in  large  beds,  phlc^opite. 

South  Crosby. —Chondrodite  in  limestone,  magnetite. 

St.  Adkle. — Chondrodite  in  limestone. 

St.  IgnAce  Island. — Caldte,  native  copper. 

Sydenham. — Celestite. 

Terracb  Gove,  Lake  Superior. — ^Molybdenite. 

Wallace  Mine,  Lake  Huron. — Hematite,  nickel  ore,  nickel  vitrioL 

NEW  BRUNSWICK.* 

Albert  Go. — Hopewell,  gypsnm;  Albert  mines,  coal  (albertite);  Shepody  Hoimtain, 
nlunite  in  clay,  oalcite,  iron  pyrites,  manganite,  psilomelane,  pyrolueite. 

Garlbton  Co. — Woodstock,  chalcopyrite,  hematite,  limonite,  wad. 

Charlotte  Co.  —  Campobello,  at  Welchpool,  blende,  chalcopyrite,  bomite,  galenite, 
pyrite ;  at  head  of  Harbor  de  Lute,  galenite ;  Deer  Island,  on  west  side,  calcite,  magnetite, 
quartz  crystals;  Digdignash  River  on  west  side  of  entrance,  calcite/  (in  conglomerate), 
chalcedony ;  at  RolUng  Dam,  graphite :  Grandmanan,  between  Northern  Head  and  Dark 
Harbor,  agate,  amethyst,  apophyllite,  ccudte,  hematite,  heulandite,  jasper,  magnetite,  natro- 
lite,  stflbite;  at  Whale  Cove,  calcite  /  heulandite,  laumontite,  stilbite,  eemi-opal/  Wagagoa- 
davic  River,  at  entrance,  azurite,  chalcopyrite  in  veins,  malachite. 

Gloucester  Co. — Tete-a-Gouche  River,  eight  miles  from  Bathurst,  chalcopyrite  (mined), 
oxide  of  manganese  /  /  formerly  mined. 

Kings  Co. — Sussex,  near  CloaVs  mills,  on  road  to  Belleisle,  ax^pentifeTonB  galenite ;  one 
mile  north  of  Baxter's  Inn,  specviar  iron  in  crystals,  limonite ;  on  Gapt.  MoCready'a  farm, 
9dmiUJ  / 

Rbstigoucue  Co.— Belledune  Point,  caieite/  serpentine,  wrd-antigue ;  Dalhonsie,  agate, 
otmelian. 

*  For  a  more  complete  list  of  localities  in  New  Brunswick,  Nova  Sootia,  and  Newfoond 
land,  seo  catalogue  by  O.  G.  Marsh,  Am.  J.  Sci.,  II.  xxxv.  210,  1808. 
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Baimt  John  Oo.— Black  River,  on  ooaat,  oalcite,  chlorite,  ohaloopjnte,  hematite/  Brandy 
Brook,  epidote,  hornblende^  quartz  ciystals ;  Oarleton,  near  Falls,  odcite ;  Chance  Harbor. 
ecUdte  in  qnartz  veina,  chlorite  in  ar^laceoua  and  talcoee  slate ;  Little  Dipper  Harbor,  on 
west  side,  in  greenstone,  amethyst,  barite,  qnartz  crystals  ;  Moosepath,  feldspar,  hornblende, 
mnsooTite,  black  tourmaline ;  Musquash,  on  east  side  harbor,  copperas,  graphite,  p3nrite  ;  at 
Shannon's,  chrysolite,  serpentine ;  east  side  of  Musquash,  quartz  crystals  I ;  Portland,  a< 
the  Falls,  graphite ;  at  Fort  Howe  Hill,  caldte^  graphite  ;  Crow's  Nest,  asbestus,  chrysolite, 
magnetite,  serpentine^  steatite;  Lily  Lake,  white  angite?  chrysolite,  graphite,  serpentine 
■teatite,  talc;  How^s  Road,  two  miles  out,  epidote  (in  syenite),  steatite  in  limestone,  tremo 
lite;  Drury's  Cove,  graphite,  pyrite,  pyrallolite  ?  indurated  talc ;  Quaco,  at  Lighthouse  Point, 
lazge  bed  oxyd  of  mangfanese ;  Sheldon^s  Point,  actinolite,  asbestus,  calcite,  epidote^  mala- 
chite, specular  iron ;  Cape  Spenser,  asbestus,  calcite,  chlorite,  specular  iron  (in  crystals) ; 
Westbeach,  at  east  end,  on  Evans'  farm,  chlorite,  talc,  quartz  crystals  ;  half  a  mile  west, 
chlorite,  chalcopyrite,  roagnesite  (vein),  magnetite ;  Point  Wolf  and  Salmon  River,  asbestus, 
oihlozite,  chiysocolla,  chalcopyrite,  bomite,  pyrite. 

YlOTOBiA  Co. — Tablque  River,  agaie^  carnelian^  jasper;  at  mouth,  south  side,  galenite ; 
at  mooth  of  Wapskanegim,  gypsum,  salt  spring ;  three  mUes  above,  stalactites  (abundant) ; 
Quisabis  River,  blue  phosphate  of  iron,  in  clay. 

Westhorbland  Co. — Bellevue,  pyrite;  Dorcester,  on  Taylor's  farm,  cannel  coal;  clay 
ironstone ;  on  Ayres's  farm,  asphaltum,  petroleum  spring;  Grandlance,  apatite,  selenite  (in 
large  crystals) ;  Memramoook,  coal  (albertite) ;  Shediao,  four  miles  up  Scadoue  River,  coal. 

York  Co. — Near  Fredericton,  stlbnite,  jamesonite,  berthlerite ;  Pokiock  River,  stibniiQ, 
tin  pyrites  f  in  granite  (rare). 

NOVA  SCOTIA. 

AmrAFOLis  Co. — Chute's  Cove,  apoyhyllite^  natrolite;  Gates'  Mountain,  aoialcite,  mn^o* 
tite,  mesolite/  natrolite^  stilbite;  Martial's  Cove,  analdte!  chabaaite,  Jieulandite;  Moose 
River,  beds  of  magnetite ;  Nictou  River,  at  the  Falls,  bed  of  hematite  ;  Paradise  River,  black 
tourmalines  smoky  quartz !  I ;  Port  George,  f arOelite,  laumontite,  mesolite,  stilbite ;  east  of 
Port  Geoxge,  on  coast,  apophyUite  containing  gyrolite  ;  Peter's  Point,  west  side  of  Stonock's 
Brook,  apophyUite  I  calcite,  heulandite,  laumontite  !  (abundant),  native  copper,  stilbite  ;  St. 
Croix  Cove,  chabazite,  heulandite. 

Colchester  Co.^^Five  Islands,  East  Rivor,  harite!  calcite,  dolomite  (ankerite),  hematite, 
chalcopyrite ;  Indian  i^oint,  malachite,  magnetite,  red  copper,  tetrahedrite ;  Pinnacle  Islands, 
analdte,  calcite,  chahaeite!  natrolite,  siliceous  sinter;  Londonderzy,  on  branch  of  Great 
Village  River,  hartley  ankerite,  hematite,  limonite,  magnetite ;  Cook's  Brook,  ankerite,  hema- 
tite ;  Martin's  Brook,  hematite,  limonite ;  at  Folly  River,  below  Falls,  ankerite.  pyrite ;  on 
Ugh  land,  east  of  river,  ankerite,  hematite,  limonite ;  on  Archibald's  land,  ankerite,  harite^ 
hematite;  Salmon  River,  south  branch  of,  chalcopyrite,  hematite;  Shnbenacadie  River, 
anhydrite,  calcite,  barite,  hematite,  oxide  of  manganese ;  at  the  Canal,  pyrite ;  Stewiac^o 
River,  barite  (in  limestone). 

Cumberland  Co.—Cape  Chiegnecto,  barite;  Cape  D*Or,  analdte,  apophyUite / /  chaba- 
site,  faroelite,  laumontite,  mesoHtey  malachite,  natrolite,  native  copper,  obsidian,  red  copper 
(rare),  vivianite  (rare) ;  Horse-shoe  Cove,  east  side  of  C/ape  D'Or,  anaJcite,  calcite,  stilbite; 
Isle  Haute,  south  side,  analcite,  apophyUite/ /  calcite,  heulandite/ /  natrolite,  mesolite,  stil- 
bite/ Joggins,  coal,  hematite,  limonite;  malachite  and  tetrahedrite  at  Seaman's  Brook: 
Partridge  Island,  analcite,  apophyUite/  (rare),  amethyst/  agate,  apatite  (rare),  calcite/ / 
chabazite  (acadialite),  chalcedony,  cat's-eye  (rare),  gypsum,  hematite,  Jieulandite  /  magne- 
tite, stilbite  /  /  ;  Swan's  Creek,  west  side,  near  the  Point,  calcite,  gypsum,  Jieulandite,  pyrite : 
cast  side,  at  Waason's  Bluff  and  vicinity,  analdte/  /  apophyUite/  (rare),  ealdte,  cli'ibazite /  / 
(acadialite),  gypsum,  heulandite/ /  natrolite/  siliceous  sinter;  Two  Islands,  moss  agate, 
analcite,  calcite,  chabazite,  Jieulandite;  McKay's  Head,  analcite,  calcite,  heulandite,  siliceous 
sinter/ 

DiGBT  Co. — Brier  Island,  native  copper,  in  trap ;  Digby  Neok,  Sandy  Cove  and  vicinity, 
agate,  amethyst,  ealdte^  cJiabazite,  hematite/  laumontite  (abundant),  magnetite,  stiUfite. 
quartz  ciystiUs;  Gulliver's  Hole,  magnetite,  stilbite/ ;  Mink  Cove,  amethyst,  cJiabazitel 
quartz  crystals;  Nichols  Mountain,  south  side,  amethyst,  magnetite/ ;  Williams  Brook, 
near  source,  chabazite  (green),  heulandite,  stilbite,  quartz  ciystaL 

GuTBBORo'  Co. — Cape  Canseftu,  andalusite. 

Halifax  Co. — Gay's  river,  galenite  in  limestone ;  southwest  of  Halifax,  garnet,  staurolite, 
tourmaline :  Tangier,  gold/  in  quartz  veins  in  clay  slate,  associated  with  auriferous  pyrites, 
galenite,  hematite,  mispickel,  and  magnetite ;  gold  has  also  been  found  in  the  same  forma- 
tion«  at  Country  HarlK>r,  Fort  Clarence,  Isaac's  Harbor,  Indian  Harbor,  Laidlow's  farm, 
lAwrencetown,  Sherbrooke,  Salmon  River,  Wine  Cove,  and  other  places. 
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HAirra  Oo.— Cheyeile,  oxide  of  manganeBe  (in  limestone) ;  Petite  BiTer,  gypsam,  oxide  ol 
manganese ;  Windsor,  oalcite,  oryptomoiphite  (bozonatrooalcite),  howlite,  glanber  aalt.  The 
iast  three  minerals  are  f onnd  in  beds  of  gypsnm. 

Kings  Go. — ^Blabk  Bock,  oentrallaBsite,  cerinite ;  ^^anolite ;  a  few  miles  east  of  Black 
Bock,  prehnite  Y  stffbUs  / ;  Cape  Blomidon,  on  the  coast  between  the  cape  and  Gape  Split, 
the  following  minerals  oconr  in  many  places  (some  of  the  best  localities  are  nearly  oppoeita 
Cape  Sharp) :  aiioleite/ 1  agaUf  amAhyst!  apophyUUe/  caldte,  chalcedony,  chabasite,  gme- 
UnUe  (ledererite),  hematite,  heulandite!  lanmontite,  magnetite,  malachite,  me8oUte^  natire 
copper  (rare),  natrotUe  I  psilomelane,  stilhits  /  thomKonite,  f aroelite,  quartz;  Korth  Monn- 
tains,  amethyst,  bloodstone  (rare),  ferrugimms  guarU,  mssolite  (in  soil) ;  Long  Point,  Ats 
miles  wost  of  Black  BMckj hsulandiU^  ImtnumUtell  fsWJbiU! ! ;  Morden,  apophyUiU,  mor- 
denite  ;  Sooths  Bay,  agate^  amethyst,  eheUosdonp^  mesolite,  natrolite ;  Woodworth's  Goto,  a 
few  miles  west  of  Scot's  Bay,  agate  /  chalcedony  I  jasper, 

LuNKNBUBO  Co. — ^Chester,  (}old  Biver,  gold  in  quartz,  pyrite,  mispickel ;  Gape  la  Have, 
pyrite ;  The  ^*  OTens,*'  gMy  pyrite,  arsenopyrite :  Petite  Biver,  gold  in  slate. 

PiCTOU  Go. — ^Pictou,  fet,  oxide  of  manganese,  limonite  ;  at  Boder's  Hill,  six  miles  west  of 
Picton,  barite ;  on  Garriboa  Biyer,  gray  copper  and  malachite  in  lignite ;  at  Albion  mines, 
coal,  limonite  ;  East  Biver,  limonite. 

QUESNfl  Go. — Westfield,  gold  in  quarts,  pyrite,  arsenopyrite ;  Fire  BivexB,  near  Bag  Fall, 
gold  in  quarts,  pyrite,  arsenopyrite,  limonite. 

BiCHMOND  Go. — ^West  of  Plaister  Gove,  barite  and  caldte  in  sandstone ;  nearer  the  Cove, 
caldte,  fiuorite  (bine),  dderite. 

Shblbubnb  Go. — Shelbume,  near  mouth  of  harbor,  garnets  (in  gneiss);  near  the  town, 
rose  quartz ;  at  Jordan  and  Sable  Biver,  staurolUe  (abundant),  schiller  spar. 

Btdnbt  Co. — Hills  east  of  Loohaber  Lake,  pyrite,  ohalcopyrite,  dderide,  hematite ;  Mor- 
ristown,  epldote  in  trap,  gypsum. 

Tabmouth  Co. — Cream  Pot,  above  Cranbeny  Hill,  gold  in  qoarta,  pyrite;  Cat  Bode, 
Fouohu  Point,  asbestos,  caldte. 

NEWFOUNDLAND. 

Antony's  Island.— /V^a 

Catalina  Habbob. — On  the«hore,  pyrite  ! 

Chalky  Hill.— JPW<fopar. 

CoFFEB  Island,  one  of  the  Wadham  group. — Chaloopyrit^ 

Conception  Bay. — On  the  shore  south  of  Brigus,  bomite  and  gray  copper  in  tzaii, 

Bay  of  Islands. — Southern  diore,  pyrite  in  date. 

Lawn. — Oalenite,  eerargyrUe^  proustite^  argentite. 

Placbntia  Bay. — ^AtLaMandhe,  two  miles  eastward  of  Little  Southern  Harbor,  galeniU ' ; 
on  the  oppodte  dde  of  the  isthmus  from  Placentia  Bay,  barite,  in  a  large  vda,  oocaalonf  Jj 
accompanied  \sj  ohalcopyrite. 

Shoal  Bay. — South  of  St.  John's,  ohalcopyrite. 

Tbintty  Bay.— Western  extremil^,  barite. 

Habbob  Gbbat  St.  Lawbbnob.— West  dde,  thiaile,  galenila. 
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SUPPLEMENTARY    CATALOGUE    OF    AMEBICAN    LOCALITIES 

OF    MINERALS. 

MAINE. 

Norway. — ^Triphylite  (lithiopbilite),  chrysoberyl,  oookeite. 

Pasis. — Columbite,  mica,  tnphylite. 

Paksonfield. — Labradorite,  crystallized. 

Pbbu. — Triphylite  (crystallized),  columbite,  beryl,  spodmnene. 

Stoneham. — Triplito,  columbite,  topaz,  curved  mica. 

NEW  HAMPSHIRE. 
Babtlett. — ^At  the  iron  mine,  danalite. 

MASSACHUSETTS. 

Deerfield. — ^In  diabase,  datolite,  stilbite,  chabazite,  prehnite,  henlandite,  natrolite, 
analcite,  calcite,  fluorite.  aJbite,  epidote,  axinite,  tourmaline,  diabontite,  saponite,  chloro- 
phsite,  kaolin,  pyrite,  malachite,  limonite,  wad. 

RocKPORT.  — Feigusonite. 


CONNECTICUT. 

NCHViLLE.--In  a  larjw  rein  of  i 
albite 


Branchtille.— In  a  large  7ein  of  pegmatite  in  gneiss,  mica  (curved  concentric),  microdine, 
bite  (also  crystallized),  quartz  (inclosing  liquid  CO^),  spodumene  and  various  alteration 


obabazite,  stilbite,  henlandite  and  other  species. 

LncBFiELD. — Staurolite  in  mica  schist. 

New  Haven.— At  Mill  Rock,  contact  surface  of  trap  and  sandstone,  garnet  (topazolite); 
at  East  Rock,  on  columnar  suri^u^es  of  trap,  garnet  (melanite),  magnetite,  pyroxene,  apatite, 
calcite. 

Portland. — ^At  Pelton's  feldspar  quarry,  monazite. 

NEW  YORK. 

CLINTON  CO. — Plattsburo,  nueget  of  platinum  in  drift. 

ESSEX   CO.— Port  Hekrt,  black   tourmaline  enclosing  orthoclase;  Champlain  iron 
region,  uranothorite. 
ST.  LAWRENCE  CO.-DeKalb,  white  tourmaline. 
Pictairn.— Titanite. 
Russell. —In  veins  in  a  granitic  rock,  danburite  with  pyroxene,  titanite,  black  mica, 

NEW  JERSEY. 
Beroev. — Hayesine. 
Frahklqt  Furnace  and  Sterlino. — Chalcophanite,  hetnrolite,  pyrochroite. 
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PENNSYLVANIA. 

BEDFORD  00. —Bridgeport,  barite. 

BERKS  CO. — Jones's  mine,  aurichaleite,  melaconite,  byssolite. 
BUCKS  CO. — Phenixville,  ankerite. 
Bridgewater  Station. — Titanite. 
CHESTER  CO.— Yellow  Springs,  allanite. 

DELAWARE  CO.— Water villb,  near  Chester,  and  Uplar.d,  chabazite. 
Mineral  Hill,  columbite. 
Leiperville,  garnet,  zoisite,  heulandite,  leidyitc. 
FRANKLIN  CO.— Lancaster  Station,  barite. 
HUNTINGTON  CO.— Broad  Top  Mountain,  barite. 
LEHIGH  CO.— Shimbrville,  corundum. 

LUZERNE  CO.— ScRANTON,  under  a  peat-bed,  phytocoUite  (dopplerite). 
Drifton,  pvrophyllite. 
MIFFLINCO.-Strontianite. 

MONTGOMERY  CO.-  -Upper  Salford  mine,  azurite. 
NORTHAMPTON  CO.— Bethlehem,  axinite. 
PHILADELPHIA  CO.— Germantown,  fahlunite. 

SCHUYLKILL  CO.,  near  Mahanoy  City,  pyrophyllite,  alunogen,  copiapite,  in  coal 
mines. 

DELAWARE. 

Dixon's  Quarry.— Columbite. 

Newark. — Quartz  crystals,  doubly  terminated,  loose  in  soil. 

VIRGINIA. 

AMELIA  CO.— From  a  granite  vein  (mica  mine)  in  giieiss  near  Amelia  Cbmt  House,  mica 
in  large  sheets,  ouartz,  orthoclase,  microlite,  monazite,  columbite,  orthite,  heivite  with 
topazolite,  beryl,  nuorite,  amethvst,  apatite  (rare). 

AMHERST  CO. — From  a  feldspar  vein  in  a  gneissoid  rock  on  the  northwest  slope  of 
Little  Friar  Mt.,  allanite,  sipylite.  magnetite,  zircon. 

ROCKBRIDGE  CO. — Underlying  limonite,  dofrenite  in  an  inegular  bed  ten  inches 
deep,  strengite  in  cavities  in  dufrenite. 

WYTHE  CO.— Austin  mine,  aragonite  (7  p.  c.  PbCOa). 

NORTH  CAROLINA.* 

Alexander  Co. — Near  Stony  Point,  in  narrow  veins  or  pockets  in  a  gneissoid  rock  (iji 
part  also  loose  in  overlying  soil),  spodumenc  (hiddenitc),  beryl  (emerald),  rntile,  monazite, 
allanite,  quartz. 

At  White  Plains,  quartz  crystals,  spodumene  (hiddenite),  beryl,  mtile,  scorodite, 
columbite,  tourmaline. 

At  MilhoUand's  mill,  rutile,  monazite,  muscovite,  quartz. 

Burke  Co. — In  the  auriferous  gravels  at  Brindletown,  octahedrite  (transparent),  brookite, 
zircon,  fergusonite,  monazite,  xenotime  (compounded  with  zircon),  garnet,  toormaUne, 
magnetite  and  other  species. 

Mitchell  Co. — At  the  mica  mines,  muscovite  in  large  quantities,  orthoclase,  albite, 
samarskite,  columbite,  hatchet tolite,  rogersite,  fergusonite,  monazite,  uraninite,  gummite, 
phosphuranylite,  uranotile,  allanite,  beryl,  zoisite,  garnet,  menaccanite. 

Yancey  Co, — At  the  Ray  mica  mine,  muscovite,  tantalite  (columbite),  monazite,  beryl, 
garnet,  zircon,  rutile,  etc. 

•    At   Hampton's,  chromite,    epidote,    enstatite,  tr^molite,   cbrysolite,  serpentine,  talc, 
magnetite,  etc. 

ALABAMA. 
COOSA  CO.— Cassiterite,  tantelite. 

*  For  a  complete  list  of  the  minerals  and  mineral  localities  of  North  Carolina,  see  Geo^RY 
of  North  Carolina,  vol.  II.,  chap.  I.,  Mineralogy  by  F.  A.  Genth  and  W.  C.  Kerr,  with 
notes  by  W.  E.  Hidden;  122  pp.,  8vo,  Raleigh,  ISlBl. 
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MICHIGAN. 

Neqaxtneb. — ^Man^nite,  gOthite,  hematite,  barite,  kaolinite. 
Grand  Marais.— Thomsonite  (lintonite). 

MISSOURI.* 

ADAIR  CO. — G5thite  with  calcite  in  concretionary  masses  of  clay  iron-stone. 

BARTON  CO. — McCarrow's  coal  bank,  pickeringite,  as  a  white  efflorescence  on  eandy 
shales  of  coal  measures. 

BENTON  CO.— Limonite. 

BOLLINGER  CO. — Limonite,  bog  manganese,  psilomelane. 

CALLAWAY  CO. — Hematite,  clay  iron  ore. 

CHARITON  CO —Selenite. 

COLE  CO. — Barite.      At  the  Eureka  mines,  galenite,  smithsonite. 

COOPER  CO.— Collins  mine,  malachite,  azurite,  chalcopyrite,  smithsonite,  galenite 
sphalerite,  limonite. 

CRAWFORD  CO. — Scotia  iron  banks,  hematite,  quartz,  jasper,  amethyst,  g5thite, 
malachite. 

DADE  CO.— Smithsonite. 

DENT  CO.— Simmon's  Mountain,  hematite. 

FRANKLIN  CO. — Cove  mines,  galenite,  cerussite,  anglesite,  barite. 

Mine-i-Burton,  galenite,  cerussite,  anglesite. 

Moselle,  limonite. 

Mount  Hope  mine,  galenite,  sphalerite,  calamine,  smithsonite. 

Stanton  Copper  mines,  native  copper,  chalcotrichite,  malachite,  azurite,  chalcopyrite. 

Virginia  mmes,  galenite,  anglesite,  ceru.ssite,  minium. 

IRON  CO. — Pilot  Knob,  hematite,  serpentine,  magnetite,  quartz,  manganese  ore. 

JASPER  CO. — Joplin  mines,  galenite,  sphalerite,  pvrite,  marcasite,  cerussite,  bitumen. 

Oronooo. — Galenite,  sphalerite,  cerussite,  smithsonite,  anglesite. 

Webb  City. — Galenite,  sphalerite. 

JEFFERSON  CO.— Palmer  mines,  galenite,  cerussite,  plumbogummite. 

Valle  mines,  galenite,  cerussite,  anglesite,  calamine,  smithsonite,  hydrozincite,  mala- 
chite, azurite. 

MADISON  CO. — Enlstein  silver  mine,  galenite,  sphalerite,  wolframite,  pyrite,  quartz, 
muscovite,  actinolite,  fluorite. 

MiNE-LA-MoTTE. — Galenite,  linmeite  (siegenite),  cerussite,  anglesite,  pyrrhotite,  earthy 
cobalt,  bo^  manganese,  plumbogummite,  chalcopyrite,  annabergite. 

In  granites,  porphyries,  ete.,  quartz,  agate,  hornblende,  asbestos,  serpentine,  chlorite, 
epidote,  feldspar. 

MONITEAU  CO. — Sampson's  coal  mine,  galenite  and  sphalerite  in  cannel  coal. 

MORGAN  CO.— Buffalo  mines,  galenite. 

Humes  Hill,  barite. 

NEWTON  CO.— Granby  mines,  gjalenite,  cerussite,  pyromorphite,  calamine,  greeno- 
chite.  sphalerite,  smithsonite,  hydrozincite,  buratite,  dolomite,  calcite. 

PHEJLPS  CO. — Hematite,  siderite,  limonite,  ankerite. 

ST.  FRANCOIS  CO. — Iron  mountain,  hematite,  apatite,  tungstite,  wolframite,  magne- 
tite, menaccanite. 

ST.  GENEVIEVE  CO. — St.  Genevieve  copper  mines,  chalcopyrite,  cuprite,  malachite, 
azurite,  covellite,  chalcocite,  bomite,  melaconite.  chalcanthite. 

ST.  LOUIS  CO.— St.  Louis.— In  cavities  in  limestone,  millerite,  dolomite,  calcite, 
fluorite,  anhvdite,  gypsum,  strontianite. 

SALINE  CO. — ^Halite  in  incrustations. 

WAYNE  CO.— Limonite. 

KANSAS. 
BROWN  CO.-Celestito. 

ARKANSAS. 

Sevier  Co. — Stibnite,  stibiconite,  bindheimite,  jamesonite. 
Hot  Springs  Co.^Rutile  in  eightlihgs,  variscite. 

*See  Notes  on  the  Mineralogy  of  Missouri,  by  Alexander.  V.  Leonhard,  St.  Tx>uis,  188d. 
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COLORADO. 


Boulder  Co  — Magnolia  district  (especially  the  Kejatone,  Mountain  Lion  and  Smnggla 
mines),  native  tellurium,  coloradoite,  calayerite,  tellurite,  magnolite,  fenoteUnzite, 
sjlvanite. 

Chaffee  Co. — Arrow  mine,  jarosite  with  turgite. 

CusTEB  Co.— Silver  cliff,  niccolite. 

El  Paso  Countt. — Near  Pike's  Peak,  arfvedsonite,  astrophyllite,  zircon;  sideropfajUite, 
topaz,  phenacite,  cryolite,  thomsenolite  (and  other  fluorides),  tysonite,  bastnfisite. 

Gilpin  Co. — Near  Central  City,  pyrit«  in  modified  crystals,  chalcopyrite  often  coated  by 
tetrahedrite  in  parallel  position,  crystallized  gold  on  pyrite. 

Gunnison  Co.— Near  Gk>thic,  smaltite. 

Jeffekbon  Co. — Near  Golden,  in  basalt  of  Table  Mountain,  chabazite,  thomsonite, 
analcite,  apophyllite,  calcite,  mesolite,  laumontite. 

La  Plata  Co. — Poughkeepsie  Gulch,  Alaska  mine,  alaskaite  with  tetrahedite,  chaloo- 
pyrite,  barite. 

Lake  Co. — Leadville,  cerussite  carrying  silver,  angles!  te,  pyromorphite,  sphalexite, 
calamine,  minium,  dechenite  (?),  rhodochrosite  with  ealenite,  chaieopyrite. 

Golden  Queen  mine,  scheelite  with  gold.  Ute  and  Ule  silver  mine,  stephanite,  galenite^ 
sphalerite,  chalcocite. 

Pask  Co.— Grant  P.  0.,  Baltic  lode,  beegerite.    Hall  Valley,  ilesite. 

CALIFORNIA. 

Into  Co. — San  Carlos,  datolite  with  grossular  garnet  and  vesuvianite. 
Los  Angeles  Co. — Brea  Ranch,  vivianite  in  nodules  with  asphaltum. 

OREGON. 

Douglas  Co. — Cow  Creek,  Piney  Mountain,  considerable  deposits  of  a  hydrous  nickel 
silicate,  allied  to  gamierite. 
Gbant  Co. — Canyon  C^ty,  cinnabar  with  calcite. 

UTAH. 

Ieon  Co.— Coyote  District,  orpiment  and  realgar  in  a  thin  bed  in  the  horizontal  sediment- 
aryformations  underlying  lava. 
PIUTE  Co. — Marysvale,  ono£rite. 
Salt  Lake  Co. — Butterfleld  Cafion,  mallardite,  luckite. 
Wahsatch  Range,  head  waters  of  Spanish  Fork,  ozocerite  in  considerable  beds. 

NEVADA. 

Elko  Co. — Emma  mine,  chrysocolla;  Blue  Hill  mine,  azurite,  malachite. 

Landee  Co. — Austin,  polybasite,  chalcopyrite,  azurite,  whitneyite. 

Lincoln  Co. — ^Halite,  cerar^yrite. 

Nte  Co. — Anfflesite,  stetefeldtite,  azurite,  cerussite,  silver  ore,  cerarg^jrite. 

Whits  Pine  Co. — ^Eberhardt  mine,  cerargyrite;  Paymaster  mine,  freieslebenite. 

NEW  MEXICO.* 

Dol^A  Ana  Co. — ^Lake  Valley,  cerargyiite  in  the  Sierra  mines  In  laige  masses,  raii^ 
crystallized,  associated  with  emnolite,  cerussite.  ealenite,  vanadinite  in  small  canary-^eilow 
cr^tals,  native  silver,  pyrolusite,  manganite,  nuorite,  ankerite,  apatite,  chert  Victoria 
mine,  40  miles  below  Nutt,  massive  anglesite.  Kingston,  in  Black  Range,  argentite  in 
large  masses. 

£x;oBRo  Co.— Socorro  Mt.,  8  miles  from  town  of  Socorro,  large  veins  of  barite  carrying 
cerargyrite,  vanadiferous  mimetite,  vanadinite  in  barrelnshaped  crystals  resembling  pyromor- 
phite. Magdalena  Mountains,  27  miles  west  of  Socorro,  cerussite  in  heavy  veins  with 
galenite,  sphalerite,  etc.  Green  and  blue  calamine  on  the  Kelly  location.  Sophia  mine, 
stromeyerite?  Grafton,  on  a  larg^e  quartz  vein,  Ivanhoe  mine,  gold  in  black  cerussite, 
chalcocite,  bomite,  malachite,  azurite,  chalcopyrite,  cerar^rite,  amethystine  qnarti.  New 
Elk  Mountain,  100  miles  south  of  Socorro,  cerussite  carrying  silver. 

*  The  author  is  indebted  for  the  following  notes,  as  also  for  others  under  Arizona  and 
Montana,  to  Prof.  B.  Silliman. 
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Grant  Co. — Silver  City,  Bremen's  mine,  argentite,  cerargyrite,  argentite  psendomorph 
ot  mollusea,  barite  with  cerargyrite,  native  silver  in  filagree  and  dendrites  on  slate;  Santa 
Rita  copper  mines,  native  copper,  tenorite.  Xogollon  and  Burro  mountains,  Coony  mining 
district,  Dry  Creek;  in  Mando  mine,  melaconite;  Silver  Twigg  mine,  bomite,  copper;  Alba- 
tross mine,  bomite,  malachite;  Cooney  mine,  chalcopyrite,  azurite,  bomite;  Clifton  mine, 
native  copper,  cuprite,  azurite,  malachite,  wulfenite.  Georgetown,  Naiad  Queen  mine, 
ai^ntite  pseudomorph  of  moUusca,  cerarg^te,  native  silver  in  dendritic  form  on  slate. 

San  Miguel  Co.— Cerillos,  Mt.  Chalchuitl,  turquoise  in  tuff.  In  the  Cerillos  district  are 
numerous  mineral  veins,  carrying  silver  lead  and  salts  of  lead,  rarely  wulfenite  and 
vanadinite,  azurite,  malachite,  sphalerite,  etc. 

ARIZONA. 

In  the  Silver  District,  Tuma  Co.,  at  the  Hamburg,  Princess  and  Red  Cloud  mines,  in 
connection  with  quartz  veins  carrying  ar^ntiferous  galena,  fine  ruby-red  vanadinite, 
red  wulfenite,  massive  anglesite.  Silent  District,  Black  Rock  mine,  vanadinite.  At  the 
Castle  Dome  mines,  vanadinite,  mimetite,  wulfenite,  cerussite,  galenite,  fluorite.  Also 
wulfenite  at  the  Melissa  mine  and  Rover  mine. 

In  the  Vulture  District  (also  called  White  Pioacho  District),  Tavapai  and  Maricopa 
Cos.,  numerous  veins  of  gold-bearing  quartz,  carrying  lead.  Vulture  mine,  cryst.  gold, 
jarosite,  wulfenite.  Hunter's  Rest  mine,  gold  In  tourmaline  rock.  Farley's  Collateral 
mine,  and  the  Phenix  mine,  20  miles  north-east  of  Vulture,  yellow  vanadinite  with 
calcite,  wulfenite,  cerassite,  descloizite  (?),  volborthite  (?)  crocoite,  vauquelinite,  phoeni- 
cochroite.  Montezuma  mine,  vanadinite,  cerussite.  Sante  Domingo  mine,  mimetite, 
argentite.  Silver  Star  mine,  native  silver,  cerussite,  argentite,  crocoite,  vanadinite. 
Tiger  mine,  native  silver^  cerargyrite.  Tip  Top  mine,  native  silver,  sphalerite,  argentite, 
pyrargyrite. 

From  the  Rio  Verde,  Maricopa  Co.,  thenardite  in  large  deposits. 

Mohave  Co. — Moss  lode,  ^Id  in  crystalline  plates;  liuorite  a  frequent  gangue  material. 

Pinal  Co. — Mule  Pass,  Bisbey,  Copper  Queen  mine,  native  copper,  copper  oxide,  mala- 
chite, azurite,  calcite. 

From  the  Silver  King  mine.  Pioneer  District,  Pinal  Co. — Fine  crystallized  native  silver, 
arflpentite,  sphalerite,  pyrite.     Stonewall  Jackson  mine,  crpt.  silver,  argentite. 

From  the  Bon  Ton  mines.  Chase  Creek,  near  Clifton,  dioptaso  with  cuprite  and  limonite. 

MONTANA. 

BuTTB  Co. — Butte  City,  Alice  silver  mine,  rhodonite,  a  common  gangue  of  native  silver 
and  other  silver  ores,  rliodochrosite.  Same  in  Magna  Charter  mine.  Parrot,  Mountain, 
Bell,  and  other  copper  veins  yield  various  copper  salts  and  arsenical  copper  glance  with 
silver. 

"  Original  Butt«  mine,"  wurtzite  with  pyrite.  Clear  Grit  mine,  native  silver,  argentite, 
chalcopyrite,  sphalerite,  calcite,  rhodochrosite.     Colusa  mine,  chalcocite. 

ALASKA. 
Ft.  Wrangell  at  mouth  of  the  Stickeen  River,  fine  garnets  in  mica  schist 

CANADA—pRoviNCE  or  Quebec. 

Montreal. — Analcite,  sodalite,  nephelit^  (in  nephelite-syenite). 

Ottawa  Co. — Veins  carrying  apatite  and  pyroxene  in  large  quantities  are  common  in 
Buckingham,  Burgess,  Templeton,  and  other  townships;  also  calcite,  quariz,  amphibole, 
scajpolite,  garnet,  tourmaline,  titanite,  zircon,  orthoclase,  phlogopite  and  other  species. 

Templeton,  vesuvianite,  garnet  (cinnamonstone),  pyroxene. 

Hull,  colorless  garnets,  resuvianite,  white  pyroxene. 

Wakefield,  chrome  garnet 

CANADA— Protincb  op  Ohtabxo. 

Fbontbnac  Co.— Scapolite,  apatite. 

Renfrew  Co. — Bganville,  large  crystals  of  apatite,  titanite,  zircon  (also  twin^ 
amphibole. 
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NOVA  SCOTIA. 

Cumberland  Co. — Alunogen. 

Colchester  Co. — Now  Annan,  covellite. 

Kings  Co.  —Black  Bock,  in  trap  with  stilbite,  ulexite,  heulandite. 

CANADA— Keewatin  District. 

Churchill  River. — Lazulite. 

Knee  Lake. — Magnetite  Island,  magnetite. 

CANADA— British  Columbia.. 

Ci^RiBoo  District. — Native  gold,  galenite. 

On   Frazbr  River.— Qold,   argentiferous  tetrahedrite.   cerargyrite,  cinnabar.     North 
Tiiompson  River,  cyanite. 
Howe  Sound. — Bomite,  cbalcopjrite,  molybdenite,  mica. 
Ominica  District. — Oold,  galenit«,  silver,  silver  amalgam. 
Cassiar  District. — Gold. 
Tesada  Island. — Magnetite. 
Queen  Charlotte  Islands.— Skincuttle  Inlet,  Harriet  Harbor,  magnetite,  chalcopyrite 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF  MINER  A  lA 


TABLB  L 

Jiinerals  arranged  according  to  tJieir  Physical  and  JBlowpipe  Chara^sUr*. 

Thb  followiog  table  is  intended  especially  for  use  in  instniction  in  Mineralogy.  With  thii 
end  in  view  it  is  limited  to  those  species  described  in  full  in  the  body  of  this  work,  and  the 
method  of  arrangement  has  been  made  to  conform  as  nearly  as  possible  to  the  chemical  s>*b- 
U»m  of  classification  there  followed.  Table  11.,  on  the  oontrary,  is  made  to  embrace  all 
specieB  whose  cijstalline  system  is  known : 

General  Scheme  of  Clamfication, 

L  MALLEABLE,  OB  EMINENTLY  SEGTILE. 

Many  of  the  native  metaU  are  here  included. 
1.  Lnstre  metaUia 
9   Lnstre  onmetallia 

IL  VAPOBIZABLE,  OB  B.B.  EASILY  YIELDING  FX7MES. 

The  eviphidee^  edenidee^  etc.,  also  the  mdpharseniies,   eulphantimonites,   etc.,  are  here  in 
dnded ;  also  some  native  metals. 

Part  I.  Wholly  Vaporizable. 

1.  Lnstre  unmetallia 

2.  Lnstre  metallia 

Part  IL  Yielding  Fumes  readily,  but  not  wholly  Vaforizablb. 

1.  Lnstre  nnmetallia 

2.  Lnstre  metallia 

m.  NOT  MALLEABLE;  NOT  VAPOBIZABLE,  NOR  EASILY  YIELDING  FUMBfl. 

Part  L  Lustre  Metallic. 

1.  Streak  nnmetallia— A.  Infusible  or  nearly  so  ;  B.  Fusible. 

2.  Streak  metallia 

Part  IL  Lustre  UNMBTALiia 

1.  OarbonatM. 

a.  Infusible. 

b.  Fusible. 
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8.  Sulphataf. 

1.  Solable  in  water,  or  having  tute. 
8   loBolnble  in  water. 

8.  Ohxomatas. 
4.  Silicatei,  Phosphates,  Ojddas  (pt),  eto.,  tta 

I.  Streak  Colored. 
1.  Infnsible,  or  nearly  so. 
8.  Fnalble.— A.  Gelatinijte  with  adds ;  B.  Do  not  gelatuuM. 

IL  Streak  UneohrecL 

A.  Infusible.— A.  Gelatinize  with  acids ;  B.  Do  not  gelatmiie. 
8.  Fosible. — ^A.  (Gelatinize  with  aoids. 

a  Hydrous;  /3  Anhydrous. 

B.  Do  not  gelatinize. 

a  Hydrous;  /3  Anhydrooo. 


L  MALLEABLE  OR  EMINENTLY  SECTILE. 

1.  Lustre  meiaUie, 

(a)  Yielding  B.B.  no  fumes. — Gk>LD;  Silveb;  Platinum;  Pallabiux;  Goffkk; 
Ieok  (pp.  231-226). 

(3)  Yielding  with  soda  ( n  charcoal  a  silver  globule. — Abgentite  (p.  285),  and  Acak* 
THiTE  (p.  289);  yield  nlso  sulphurous  fumes. — Hessitb  (p.  839),  also  telluric  fumes. 

2.  Lustre  unmetattic. 

On  charcoal  a  silver  globule. — Ceraegtbite  (p.  260). 

II.  YAPORIZABLE;  B.B.  yielding  fumes  in  the  open  tube;  some  require  to  be  strongly 

heated. 

Part  I.  Wholly  Yaporizablb;    readily  passing  away  in  fumes  when  heated  on 

charcoal  (if  pure  and  free  from  gangue). 

1.   LUSTBB  UnHETALLIC. 

1.  Fumes  sulphurous;  burning  with  a  flame. — SuLPHUB(p.  228). 
8.  Fumes  antimonial. — ^Yalentinite,  senarmontite  (p.  2c(4). 

3.  Fumes  arsenical.— Realqae  (p.  231),  color  red;  O&fiment  (p.  831),  oolor  yellow. 

4.  Fumes  mercurial. — Ginnabab  (p.  240). 

2.  LusTBE  Metallic. 

1.  Fumes  sulphurous;  with  also  fumes  of  antimony,  bismuth,  etc. — Stibkitb(p.  838); 
Bismuthinite  (p.  232);  some  tetradymite  (p.  233). 

2.  Fumes  selenial  or  telluric. — Clausthalite  (p.  238);  Tetbadymtte  (p.  238^. 

3.  Native  Absbnic,  Antimony,  Bismuth,  and  Tellubiuh  (pp.  2*^6,  ^7.)    Some  Ginna- 
bab (see  above)  has  a  metallic  lustre. 

Part  IL    Yielding    Fumes    Readily   in    the    open    Tube,   but   not   Wholly 

Yapokizablb. 

1.   LuSTBE  UkMETALLIC. 

1.  Fumes  sulphurous  alone.— Sphalebite  {jp,  287),  infusible;  Geeenoceitb  (j>.  842), 

2.  Fumes  sulphurous,  and  (a)  antimonial ;  or  {$)  arsenical,  yield  a  bead  of  silver  with 
soda  on  charcoal.— (a)  Miabgybite  (p.  2i9);  Pybabgybitb  (p.  252)  — (e)  Pbousttte  (p.  253)l 
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2.  Lustre  Metaluc. 

1.  Fames  arsemcal. 

a.  On  charcoal  a  magnetic  bead  or  mass,  (a)  In  the  closed  tube  unaltered. — Coualis 
tTB  (p.  246).  (/3)  Do.,  a  sublimate  of  arsenic  sulphide. — Absknopyrite  (p.  247),  color 
silver-white,  }1elds  also  metallic  arsenic;  GEBSDOBFFirB  (p.  240),  color  silver-white  to 
steel-gray,  B.B.  decrepitates;  Teknaittite  (p.  25t5),  color  iron-black,  {y)  Do.,  a  faint 
white  crystalline  sublimate  of  arsenous  oxide.— Niccolite  (p.  242),  color  pale  copper*red. 

b.  With  soda  on  charcoal  a  malleable  bead  of  metallic  lead. —Sabtobite  (p.  250), 
decrepitates  strongly,  G=5*39;  Dufbexoysite  (p.  251),  G=5'56. 

e.  Do.,  metallic  copper. — Domeykite  (p.  234j,  color  tin-white  to  steel-gray;  Enab- 
QiTE  (p.  257),  color  iron-black. 

2.  Fumes  antimonial. 

a.  With  soda  on  charcoal  yield  metallic  copper.  (The  bead  obtained  may  also  be 
tested  with  borax.)  (a)  Contaius  copper  and  lead. — Boubnonite  (p.  253),  color  steel-gray, 
Q.=5'7-o-9.  (/3)  Contains  copper  and  silver, — Polybabitb  (p.  257),  color  iron-black,  (y) 
Tetbahedrite  (p.  255). 

b.  Yield  silver  or  lead  but  no  copper,  (a)  Contain  silver. — Dtscbasite  (p.  284), 
G.  =9 '4-9  8,  color  and  streak  silver- white;  Fbe[bsl£Bentte  (p.  252),  G.  =6-6-4,  color 
and  streak  light  steel-gray,  yields  also  sulphurous  fumes; — Stephanite  (p.  256),  G.=6*27, 
color  and  streak  iron-black;  Pybabgybite  (p.  252),  and  'Miabgybite  (p.  249),  have  both  a 
red  streak.  (3)  Contain  lead;— Zinkenite  (p.  250),  G.  =5*80-^-85;  Jamesonitb  (p.  251), 
G.=5-5-5'8;  BouLANOEBrrE  (p.  254),  G.=5*76-«. 

8.  Fumes  sulphurous. 

a.  Reaction  for  copper  with  borax. — Chaloopybitb  (p.  244),  color  brass-yellow; 
Bornitb  (p.  237),  color  copoer-red  to  pinchbeck-brown  on  the  fresh  fracture;  Chalcocitb 
(p.  289),  color  blackish  leaa-gray;  Stbohbybbite  (p.  240),  color  dark  steel-gray,  contains 
also  silver. 

b.  Yield  a  magnetic  bead  or  mass  on  charcoal,  (a)  Yield  free  sulphur  in  the  closed 
tube.— Pyritb  (p.  248),  G.=4-8-5-2;  Marcasitb  (p.  247),  G.=4'7-4"8;  some  linnieite 
(see  below).  (^)  Unchanged  in  the  closed  tube. — Pvrbhotitb  (p.  241),  color  reddish  bronze- 
yellow,  magnetic;  MiLLBRrrE  (p.  241),  color  brass-yellow,  with  borax  a  nickel  reaction ;  Lin- 
vrnm  (p.  ^5),  color  pale  steel-gray,  contains  cobalt. 

c.  Yields  metallic  lead  on  charcoal. — Galenitb  (p.  285),  color  lead-gray. 

d.  Not  included  in  the  above.— Molybdbnitb  (p.  288). 

4.  Fumes  mercurial.— Axalgam  (p.  225). 

5.  Fumes  telluric.  U)  Contain  silver  or  go!d. — Sylyanitx  ^p.  248),  color  steel-gray  to 
silver-white,  brittle ;  Hessite,  Petzite  (p.  288),  color  lead  to  steel-gray,  sectile.  (fi)  Con- 
tains lead. — NAGYAorrE  (p.  2^),  color  black  lead-gray,  foliated. 


HL   not  MALLEABLE;    NOT   VAPORIZABLE,   NOR    EASILY   YIELDING 

FUMES. 

Part  I.    LuBTBB  Metallic,  or  Submbtallio* 

1.  Stbeak  Unmet allic. 

A.  Infunbley  or  Fusihle  with  great  diffieuUy. 

a.  Reaction  for  mtmganese  with  borax. 

(a)  ^fiAyefrotw.— Pyrolusitb  (p.  278),  G.=4-82.  H.=2-2-5,  streak  black  (bran- 
nite,  hausmannite,  (p.  277);  Pranklinite  (p.  273),  often  in  octahedrons,  G.  =  5-07, 
H.  =  5"5-8-5;  streak  dark  reddish- brown;  yields  zinc  B.B.  Some  Columbite  (pp.  860, 
428). 

if)  ffydrou8.—MjLSQA3nTZ  (p.  280);  Psilohelahe  (p.  282);  Wad  (p.  288). 
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h.  Reaction  for  iron :  become  magnetic  upon  ignition  in  B.F. 

(a)  Anhydrous.— Maqnvtite  (p.  272),  streak  black,  magnetic;  Hexatite (p.  2^), 
streak  cherry-red.  Contain  titanium. — Menaccanite  (p.  269),  G.  =  46-5,  streak  black  U\ 
brownish-red;  Rutilb  (see  (^  below).  Contain  tantalum  or  columbium. — Tantalite(p. 
859),  G.=7-8;  Columbite  (p.  360),  G.5'4-6-5.  Contains  chromium.  Chkouite  (p.  274), 
streak  brown. 

(/3)  Hydrous. — Limonttb  (p.  280),  streak  y^ellowish-brown,  G. =3*6-4.  only  massire; 
GftTHiTE  (p.  280),  streak  same,  G.  =4-4-4,  often  in  crystals;  Turoite  (p.  279),  streak  red, 
decrepitates  strongly  B.B. 

c.  Reaction  for  zinc  on  charcoal.— Zincfte  (p.  266),  streak  orange-yellow. 

d.  Reaction  for  titanium.— -I^vtum  (p  276);  Octahedbite  (p.  277);  Brookite  (p.  277)? 
Perofskite  (p.  270). — Euxenite  (p.  362),  contains  columbium. 

c.  No  reactions  as  above. — ^Yttbotaktalite  (p.  361). 

B.   Fusible, 

a.  Reaction  tor  iron,  become  magnetic— Ilvaite  (p.  309),  G.  =3-7-4'2;  Allanite  (p.  808), 
G.=3-4-2;  Wolframite  (p.  883),  G.=71-7  5;  Samarskite  (p.  361),  G.=64&-5-69. 

b.  Reaction  for  copper, — Tenorite  (p.  267);  Cuprite  (p.  2(56). 

2.  Streak  Met.£.llio. 
No  metallic  bead. — Graphite  (p.  230) ;  Ieidosmine  (p.  224). 

Part  II.     Lustre  Unmetallic. 

1.  CARBONATES :  when  pulverized  effervesce  (give  off  COa)  with  hydrochloric  or 
nitric  acid,  sometimes  only  on  tne  addition  of  heat  (p.  202).* 

1.  Infusible. 

a.  No  metallic  reaction,  or  only  traces;  assay  alkaline  (p.  205)  after  ignition. 

(o)  Anhydrous. — Effervesce  freely  in  the  mass  in  cold  dilute  acid  ;  Calcite  (p.  898), 
G. =2-5-2'8 ;  Aragonite  (p.405),  G.  =2*9 ;  Barytocalcitb  (p.  408),  contains  barium.  Effer- 
vescence wanting  or  feeble,  unless  very  finely  pulverized  or  heated;  Dolomite  (p.  401)} 
Maonesite  (p.  402). 

(/3)  Hydrous. — Hydromagnksite  (p.  409). 

b.  A.  decided  reaction  for  iron;  become  magnetic  upon  ignition. 

Siderite  (p.  403) ;  Ankerite  (p.  402).  Also  mesitite,  pistomesite  (p.  408),  and  some 
varieties  of  the  preceding  carbonates. 

c.  A  decided  reaction  for  manganese  with  borax. 

Rhodochrositb  (p.  403).     Also  some  varieties  of  the  preceding  carbonates. 

d.  Reaction  for  zinc  on  charcoal. 

(oi)  Anhydrous.SMnasomiE  (p.  44).    {^)  Hydrous.— RrDnozmoiTE  (p.  410). 

2.  Fusible. 

a.  No  metallic  reaction,  or  only  traces;  assay  alkaline  after  fusion. 

(«)  Anhydrous, — Witherite  (p.  406),  G.=4*8,  B.B.,  a  green  flame  (baiyta);  Steok- 
TIANITE  (p.  406),  G.=3*6-"7,  B.B.,  a  strontia-red  flame. 

(^)  i/yrfrow«. —Gay-Lussite  (p.  409);  Trona  (p.  408). 
h.  Reaction  for  lead  on  charcoal. 

Cerussite  (p.  407);  Phosoenite  (p.  408),  contains  lead  chloride;  Leadhilutb 
(p.  890)  contains  lead  sulphate. 

c.  Reaction  for  copper  with  borax. 

^y£?rM^«.— Malachite  (p.  411),  color  green;  Azurite  (p.  411),  color  azure-blue. 

d.  Reaction  for  bismuth  on  cnarcoal. 

Hydrous. — Bismutitb  (p.  412). 

*  Nitric  acid  is  needed  only  in  the  case  of  lead  salts  (cerussite,  phosgenitc,  le&dhillite). 
In  addition  to  the  proper  carbonates,  also  leadhillite  and  cancrinite  effervesce  with  acid, 
and  with  many  minerals  effervescense  may  be  caused  bv  a  mechanical  admixture  of  calcite 
{e.g.,  woUastonite),  or  some  other  carbonate  (e.g„  lanarkite). 
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2.  SUZjPBATBS  :  Tield  a  sulphide  with  soda  on  charcoal  (p.  309),*  which  when 
moistened  blaoicens  a  surface  of  polished  silver. 

1.  Soluble  in  Water  :  having  taste. 

a.  Glaubbrite  (p.  891);  Mirabilttb  (p.  892) ;  Poltealitx  (p.  898);  Epsoxitb  (p.  894): 
Alums  (p.  895). 

b.  Copperas  group  :  Vitriols.— Chalcanthite,  etc.  (p.  894.) 

2.  Insoluble  in  Water:  having  no  taste. 

a.  Yield  no  metallic  bead.    Fusible;  assay  alkaline  after  fusion. 

(a)  Anhydrous.— BABJfZE  (p.  887),  G.=4-8-4'7,  a  yellowish-green  flame  B.B. ;  Gbles- 
TTTE  (p.  888),  G.  =r8'92-8*97,  a  strontia-red  flame  B.B. ;  Anhydrite  (p.  ;j89),  G.  =2'9-2'99. 
a  redoish-yellow  flame. 

ifi)  Hydroua:  Gtpsum  (p.  892),  H. =1-5-2,  G.=2-8. 
6.  Reaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Hydroua :  Aluminite  (p.  895). 
e.  Reaction  for  lead  on  charcoal. 

Fusible,— AjUQhEarsE  (p.  889);  Leadhillite  (p.  890),  contains  lead  carbonate. 

d.  Reaction  for  copper  with  borax. 

BRocHANriTB  (p.  890);  Linarite  (p.  896). 

e.  Reaction  for  iron  :  becomes  magnetic  after  ignition  on  charcoal. 

COPL&PITE  (p.  895). 

8.  OHROMATSS :  Afford  a  chromium  reaction  with  borax  (p.  206).  All  brightly 
colored,  and  having  a  colored  streak. 

Crocoite  (p.  885),  color  hyacinth-red,  streak  orange-yellow  ;  Phosnioochroitb 
(p.  886),  color  cochineal-  to  hyacinth-red,  streak  brick-red ;  Vauquelinitb  (p.  886),  color 
green  to  brown,  streak  greenish  or  brownish. 

4.  SIZJOATB8»  PHOSPHATES,  OXIDB8  (in  part),  etc 

I.  Streak  Colored:  having  a  decided  color, 
1.  Infusible,  or  Fusible  with  great  Difficulty. 

a.  Reaction  for  iron,  magnetic  after  ignition  in  R.F. 

(«)  Anhydrous. — Hematite  (268),  streak  cherry-red  ;  some  Rutile  (see  e  below). 
Ifi)  Hydrous.— hmoum  (p  280),  streak  yellowish-brown ;  GH^thite  (p.  280),  streak 
same ;  Turoite  (p.  279),streak  red,  decrepitates  B.B. 

b.  Reaction  for  mang<tnese  with  borax. 

Hydrous.— Wad  (p.  288);  Psilomelane  (p.  282). 

c.  Reaction  for  eine  on  charcoal. 

ZiNciTB  (p.  266);  streak  orange-yellow. 

d.  Reaction  for  copper:  yield  metaJfio  copper  with  soda  on  chareoaL 

Hydrous. — Dioftase  (p.  801),  color  emerald-green. 

e.  Reaction  for  titanium :  with  metallic  tin  on  evaporation  a  violet  color  to  the  hydro- 
chloric acid  solution,  sometimes  after  fusion  with  potassium  bisulphate. 

Rutile  (p.)  276),  G.=4*2;Warwickitb  (p.  882),  Q.=8*8,  moistened  with  sulphuric 
acid  gives  a  green  flame  B.B.  (boron).— Some  IVrochlore  (p.  859);  and  Perofskite  (p.  S70). 
/.  Reaction  for  tin :  yields  the  metal  with  sooa  on  charooal. 

CAfiSXTERms  (p.  275).  G.=6-4-71. 
g.  Not  included  in  the  above. 

(«)  Phon)hates :  moistened  with  sulphuric  acid  g^ve  a  bluish-green  flame  B.B. — 
MoNAETTE  (p.  idSj.  G.=4*9-45*26;  Xenotimb  (p.  864),  G.  =:^4-4.>4'56. 
{fi)  Ptrocblore  (p.  859),  G.=4'2-4'85 ;  Ferousonitb  (p.  862). 

*Kote  the  precaution  on  p.  200  ;  it  may  be  remarked  in  addition  that,  in  the  case  of  a 
sulphate,  the  reaction  is  generally  so  decided  that  there  can  be  no  ambiguity,  even  when 
the  gas  contains  a  little  sidphur.  In  all  cases  the  soda  on  charcoal  should  be  flr^t  tested 
alone 
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i.  Fusible  without  vert  great  Difficultt. 

A.  Gelatinize  toith  Acid  (p.  208). 

Give  a  reaction  for  iron, 

Ilvaite  (p.  300),  yields  little  or  no  water,  H. =5*5-6,  G.=3-7-4'2,  streak  black, 
HisixoERiTE  (p.  354),  yields  much  water,  H.  =8,  G.=3'045,  streak  yellowislL-brGwn; 
Allanite  (p.  308),  H.  =5-5-6,  G. =8-4-2,  streak  gray. 

B.  Do  not  Gelatinize  with  Acid, 

1.  Arsenates:  give  arsenical  fumes  on  charcoal ;  after  thorough  roasting  yield  metallic 
reactions  as  follows: 

a.  Reaction  for  iron  :  becomes  magnetic  after  ignition. 
Pharmacosiderite  (p.  876),  color  olive-green  to  yellowish-brown  stc. 

b.  Reaction  for  eobaa  with  borax. 
Erythrite  (p.  372),  color  rose-red. 

c.  Reaction  lor  copper  with  borax;  also  give  a  ^reen  flame  B.B. 
JTydroue.—OLiVEmrE  (p.  878),  G.  =4*1 -4 '4.  color  olive-green  to  brown  ;  Lirocokite  (p. 

874),  G.=2-88-2-98,  color  sky-blue  to  verdigris-green;  Cunoclasitb  (p.  874),  G.=3'6-3'8, 
color  dark-green  (some  libethenit«,  see  below). 

2.  No  arsenical  fumes ;  reaction  for  iron :  become  magnetic  after  fusion. 

a.  Anhydrous.— Ueactionioriitanivm:  ScHOBiiOMiTE  (p.  887),  H. =7-7*6,  G.=8"882. 
massive. — Reaction  tor  manganese  :  Triplitb  (p.  869),  H.=8-44-3"88,  G.= ^'5,  colors 
the  flame  bluish-green.— Struture  micacecous  :  IjEFIDomelane  (p.  818). 

b,  Eydrow.—Giye  a  bluish-green  flame  B.B.:  VrviANrrE  (p.  871),  H. =1-5-2,  G.= 
2  •58-2 -68,  streak  colorless  to  indigo-blue  (on  exposure);  Dufrenite  (p.  378),  fl.  =3*5-4,  Q, 
=8  2-3'4,  streak  siskin-green. 

8.  No  arsenical  fumes;  reaction  for  copper  with  borax,  yield  an  emerald-green  flame  B.K 
(a)  Anhydrous. — Cuprite  (p.  266) ;  Tenorfte  (p.  267),  color  steel-gray  to  black. 
(fi)  Hydrous,— StTUctuTQ  micaceous;  Torbernite  (p.  378),  H.=2-2-5,  G.  =8-4-3 -6, 

— LiBETHENiTE  (p.  373),  H.=4,  G.=3-6  3-8;  Pseudomai^chite  (p.  874),  H.=4-5-5,  G.= 

4-4-4;  Atacamite  (p.  261),  H.=8-3'5,  G,=8-8 


II.  Streak  Ukcolored  ;  sometimes  slightly  grayish,  yellowish,  eta 

1.  Infusible,  or  Fusible  with  much  Difficulty. 
A.  Gelaiinize  unth  Ajdd  forming  a  stiff  JeUy, 

a.  Reaction  for  iron  with  the  fluxes. 

Chbtsolite  (p.  300);  Chondrodite,  Httuite  (p.  826-829),  yield  flaoriiie. 
h.  Reaction  for  zinc  on  charcoal,  after  being  heated  with  soda. 

(a)  Anhydroui. — Willemite  (p.  801). 

(/3)  5yrfr(?u«.— Calamine  {p.  829). 

c.  Reaction  for  aluminum;  a  blue  color  with  cobalt  solution  after  ignition. 

Allophanb  (p.  341),  amorphous. 

d.  Reaction  for  m4ignesium:  pink  color  with  cobalt  solution  after  ignitioii. 

Sepiolite  (p.  849),  in  soft,  white,  compact  masses. 


B.  Do  not  form  a  perfect  JeUy  with  Add, 

1.  Hydrous, 

a.  Reaction  for  aluminum :  a  blue  color  with  cobalt  solution  after  ignition. 

1.  Pho^hatea :  give  a  bluish-green  flame  B.B.,  especially  after  being  moistened  with 
sulphuric  acia^WAVELLirE  (p.  876),  color  white  to  green  to  black;  Lazulite  (p.  875)^ 


DETERMINATION  OF  MINERALS.  515 

color  azure -blue,  with  borax  an  iron  roaction;  Turquois  (p.  377).  color  sky-blue  to  apple- 
green,  with  borax  a  copper  reaction. 

2.  Hydrous  silicates, — Structure  micaceous ;  Maroarite  (p.  857),  yields  much  water; 
also  some  hydrous  micas  (see  p.  353). 

Kaolinite  (p.  351)  usually  compact,  soft,  unctuous;  Pyrophyllitb  (p.  349),  soft, 
yields  much  water. 

3.  Oa;t</««.— GiBBSiTK  (p.  282),  H.  =2 -5-3  5,  usually  in  stalactitic  forms;  Diaspore 
(p.  279),  H. =6*5-7,  in  crystals,  scales,  and  foliated,  usually  decrepitates  B.B. 

6.  Reaction  for  magnesium:  a  pink  color  with  cobalt  solution  after  ignition. 

Brucite  (p.  281),  soluble  m  acids;  Talc  (p.  348),  yields  water  only  on  intense  igni- 
tion.    Also  some  serpentine  (see  below). 
/*    TSq  reactions  as  above 

Opal  (p.  288),  H.= 6-7.— Serpentine  (p.  850),  H. =2*5-4;  Chloritoid  (p.  858), 
fl.  =5*5-6;  Genthite  (p.  351),  yields  a  reaction  for*nickel  with  borax. — Chrysocolla  (p. 
838),  H.  =2-4,  colors  the  flame  emerald-green  (copper). 

2.  Antiydr<ms, 

a.  Reaction  for  aluminum  :  (When  of  great  hardness,  pulverizing  is  necessary). 
(*)  Decomposed  by  acids. — Leucite  (p.  818),  H. =5.5-6. 
(^)  Structure  eminently  micaceous. — Muscovite  (p.  318). 
(y)  Corundum  (p.  267),  H.=9,  G.=4,  rhorabohedral. 
Chrysoberyl  (p.  274),  H.=8*5,  G.=3*7,  color  green. 
Topaz  (p  332),  H.=8,  G.=3-5.  in  prisms  of  124',  cleavage  basal  perfect. 
RuBELLiTE  (p.  3o0),  H.=7-5,  G.=3,  in  three-  or  six-sided  prisms,  color  violet,,  rose* 
red,  reaction  for  boron  (p.  211). 

(  Andalusite  (p.  331).  H.=7*5,  G.=3*2,  in  prisms  of  93o. 

•JFiBROLTTE  (p.  fJ31),  H.=6-7,  G.=3'2,  brilhant  diagonal  cleavage. 

(Cyanite  (p.  332).  fl.=5-7,  G.=3-6,  usually  in  bladed  crystals,  color  blue  to  gray. 

h.  Reaction  for  magnesium  :  a  pink  color  with  cobalt  solution  after  ignition. 
Talc  (p.  348),  soft,  foliated,  yields  water  upon  intense  ignition. 
Enstatite  pt.  (p.  290),  H.=5*5,  cleavage  prismatic  93**. 
Spinel  pt.  (p.  271),  H.  =8,  commonly  in  octahedrons. 

c.  Reaction  for  tin :  metallic  globules  with  soda  on  charcoal. 

Cassiterite  (p.  275),  G.  =G'4-7'1.    Also  some  Pyrochlore  (p.  859). 

d.  No  reactions  as  above. 

1.  Hardness  7,  or  above  7. 

Spinel  (p.  271),  H.=8,  G=3*5-4*l,  occurs  in  octahedrons. 

Gahnite  (p.  272),  H. =7-5-8,  G.=4'4-4-9,  octahedral,  when  mixed  with  borax  gives 
a  zinc  coating  on  charcoal. 

Beryl  (p.  299).  H.  =7-5-8,  G.=2'6-2*7,  always  in  hexagonal  prisms. 

Phenacite  (p.  301),  H.  =7*5-8.  G.=3,  rhombohedral. 

Ouvarovtte  (p.  304),  H.=7*5,  G.=3*5,  color  green,  chromium  reaction. 

Zircon  (p.  304),  H.=7-5,  G. =405-4-75,  zirconia  reaction  (p.  213)  of  ten  in  square 
prisms. 

Staurolite  (p.  386),  H.=7,  G.=3*4-3-8,  always  crystallized,  Ja/=123*. 

Iolite  (p.  311),  H.  =7-7-5,  G.=2'6,  color  blue,  lustre  glassy. 

Quartz  (p.  284),  H..=7,  G.=2-0,  and  Tbidymite  (p.  288),  G.=2-3. 

2.  Hardness  below  7. 

(a)  Give  a  bluish-green  flame  when  moistened  with  sulphuric  acid  ;  Xekotime  (p. 
864) ;  MoNAZiTE  (p.  368);  Apatite  (p.  364). 

(fi)  Reaction  for /itoTWMm.—RuTiLE  (p.  276);  Brookite  (p.  277);  Octahedbite  (p. 
277),  alwayp  in  square  octahedrons;  Perofskitb  (p.  270). 

(y)  keaction  for  tungsten. — Scheelite  (p.  384),  H.=6,  G.=4"6-5. 

(«)  Not  included  in  the  above;  Enstatite  (p.  290)-  Diallage  (p.  298);  Anthophyl- 
Lrrs  (p.  295). 

2.  Fusible. 
A.  Gelatinizing  with  Add :  forming  a  stiff  Jelly  upon  EoaporaHon, 
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1.  Mydrous. 

a.  Hardness  5,  or  above  5. 

Datoltte  (p.  334),  in  glassy  crjrstals,  also  rarely  massiye,  never  fibrous,  fuses  with  a 
green  flame  (boron). 

Natbolite  (p.  842),  G.=2*17-2'25,  fuses  quietlT  and  easily  to  a  colorless  glass. 

ScoLECiTE  (p.  343),  Thomsonite  (p.  342),  on  fusion  often  curl  up  in  worm-like 
forms. 

h.  Hardness  below  5. 

Ghelinite  (p.  345),  H.  =4'5,  in  hexagonal  or  rhombohedral  crystals. 

Phillifsite  (p.  345),  H.  =4-4 '5,  in  twinned  crystals. 

Laumontite  (p.  338),  H.=3'5,  becomes  opaque  on  exposure. 
Pectolite  and  Akalcite  are  decomposed  by  acid  with  the  separation  of  gelatinous 
silica,  but  do  not  form  a  stiff  jelly. 


2.  AnhydriAM. 

a.  With  hydrochloric  acid  give  off  sulphuretted  hydrogen. 

Danalite  (p.  302),  with  soda  on  charcoal  ffives  a  zinc  coatins^.  color  flesh-xed  to  gray. 

Helyite  (p.  302),  manganese  reaction  witn  borax,  color  yeUow. 
h.  With  soda  on  charcoal  a  sulphur  reaction. 

HAtmoTE  (p.  818),  color  sky-blue. 
6.  SoDALTTE  (p.  317),  reaction  for  chlorine. 

WoLLASTONTTE  (p.  291),  color  white,  lustre  Titreoos. 


inTE  m. ; 
(p.  316). 


Kephelits  (p.  316),  hexagonal. 


B.  Do  not  form  a  perfect  JeUy  wUh  JBydrochhrie  Aetd. 

1.  Hydrous, 

1.  Structure  eminently  micaceous. 

ChlorUes:  Pennikite  (p.  355);  Ripidoute  (p.  356);  Prochlokite  (p.  357);  lamins 
tough  but  not  elastic,  colors  green  to  black;  only  partially  attacked  by  acid. 

Vermieulites:  Jeffebisitb  (p.  855);  also  pyrosclerite,  etc.,  colors  mostly  brown, 
yellow,  also  green,  B.B.  exfoliate  largely,  decomposed  by  acid  with  the  separation  of  silica 

Lepidomelake  (p.  313),  color  black,  yields  a  magnetic  globule. 

AuTUNiTE  p.  (379),  H.  =2-2-5,  color  bright  yellow. 

Fahluntte  (p.  358),  has  a  more  or  less  distinct  micaceous  structure. 

2.  Structure  not  micaceous. 

1.  Reaction  for  iron :  leave  a  magnetic  residue  on  charcoal. 

(a)  Areenatea :  give  arsenical  fumes  on  charcoal.--SooAODrrB  (p.  375),  orthorhombic; 

Phabmacosidebite  (p.  376),  isometric. 

(fi)  PhoephcUee :  give  a  bluish-green  flame  after  moistening  with  sulphuric  acid. 

CHiLDBENrrs  (p.  877),  reacts  for  manganese,  fuses  only  on  the  edges,  H.  s=4'5-5u 

ViviANiTB  (p.  871),  H.=l*5->2,  fuses  easily  to  a  magnetic  globule. 
2   Reaction  for  araenie  on  charcoal. 

Phabmaoolite  (p.  870). 

3.  Borates :  give  a  oeep-green  flame  after  moistening  with  BUlphurio  add. 

BoBAx  (p.  381);  BoBAclTE  (p.  381);  Ulezite  (p.  881);  Sussexitb  (p.  880). 

4.  Not  included  above. 

(a)  Hardness  5,  or  above  5  (apatite =5). 
Pbehnite  (p.  840),  H. =6-6-5,  color  apple-green  to  white. 
Analcite  (p.  348),  H.=5-5'5,  fuses  quickly  to  a  clear  glass. 
Pectolite  (p.  387),  H.  =5,  usually  in  aggregations  of  adcular  crystak. 
Afophtllitb  (p.  840),  H.s=4-5-^,  B.B.  a  violet-blue  flame. 
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(fi)  Hardnfss  below  5. 
Finite  (p.  S62),  H,=r2-5-8'5,  compact. 
Pachkoute  (p.  265),  H.=2-4,  yields  fluoriDe. 
GHABA2iTE(p.  844),  H.=4-5,  rhombohedral. 
Apophtlltte  (p.  840).  H.=4-6-6,  tetra^naL 
Habhotome  (p.  346),  H.=4*5,  usually  m  compound  crystals. 
Stilbitb  (p.  846),  H.=3-6-4. 
Heulanbite  (p.  847),  H. =8*5-4. 

2.  Anhydrous 

1.  Yield  metallic  lead,  with  soda  on  charcoal. 

Pybohobphitb  (p.  866),  color  green,  gives  a  bluish-green  flame  on  fufdon. 
MiMBTiTE  (p.  866),  color  yellow  to  brown,  yields  arsenical  fumes  on  charcoal. 
Vanadinitb  (p.  867),  color  brownish-yellow  to  reddish-brown,  with  borax  B.F.  an 
emerald-green  bead. 

WuLFENiTB  (p.  884),  color  bright  )rellow  to  red,  reaction  for  tungsten. 

2.  Reaction  torjtttorine,  with  sulphuric  acid. 

(«)  Give  a  bluish-green  flame  after  moistening  with  sulphuric  acid. 

Ambltoonite  (p.  869),  gives  a  lithia-red  to  the  flame. 

Tbifute  (p.  869),  a  strong  manganese  reaction. 

Waokebite  (p.  868),  color  yellow  to  grayish. 

(fi)  Fluobitb  (p.  268),  cleavage  octahedral,  perfect. 

Cbtoute  (p.  264),  fusible  in  the  flame  of  a  candle. 

Lefidolitb  (p.  814),  color  pink,  structure  micaceous. 
8.  Reaction  for  Itthta :  give  a  puxple-red  color  to  the  flame. 

Spodumbne  (p.  295),  H.=:6-5-7,  G.=8-18-8-19. 

Tbiphtute  (p.  369),  H. =5,  G.  =8*54-8*6,  gives  a  bluish-green  color  to  the  extremity 
of  the  flame. 

The  mica  lepidolite,  and  also  some  biotite,  give  a  lithia  flame. 
4.  Reaction  for  irrm  with  the  fluxes. 

VESUviAinTE  (p.  805).  tetragonal,  H.=6"5. 

Epidote  (p.  807),  monoclimc,  H.=6-7. 

Gabnbt  pt.  (p.  802\  is  isometric,  H.  =6*5-7*5. 

Lbfxdomelane  (p.  818),  structure  micaceous. 

Htpebsthene  (p.  290),  orthorhombic 
Here  fall  also  dark-colored  varieties  of  Axphibole  (p.  296),  and  Ptbozene  (p.  292). 
6.  Reaction  for  manganese  with  borax. 

Rhodonite  (p.  294).  color  usually  rose-red. 

Spessabtite  (manganese  garnet,  p.  804). 

6.  Reaction  for  titanium, 

TlTANFTB  (p.  885). 

7.  Reaction  for  tungsten, 

SCHBBLITE  (p.  dSi). 

8.  Not  included  in  the  above. 

Haute  (p.  259),  Stlvite  (p.  260),  soluble  in  water. 

Micas  (pp.  811-814),  structure  eminently  micaceous. 

Apattte  (p.  864),  H.=5,  G.  =2*9-8*25,  a  bluish-green  flame  after  moistening  with 
snlphuric  acid. 

Ptboxene  (p.  292V  H.=5-6,  G.  =8*2-8*5,  monoclinic.  angle  of  prism  98^. 

Amphibolb  (p.  2^6),  H.=5-6,  G. =2*9-8*4,  monoclinic,  angle  of  prism  (cleavage 
perfect)  124i'' 

ScAPOLrrBS  (pp.  815-816),  H.=5-6'5,  G. =2*5-2-8,  tetragonal;  B.B.  fuse  with  intu- 
mesoence  to  a  blebbv  glass. 

ZoisiTE  (p.  808),  H.=6-6'5,  G.=8*l-8-88,  orthorhombic;  B.B.  swells  up  and  fuses 
to  a  blebby  glara. 

Feldspabs  (pp.  319  to  326).  H.=6-7,  G.  =2 '6-2 '8,  cleavage  in  two  directions  at  right 
angles  or  nearly  so;  B.B.  fuse  quietlv  to  a  clear  glass. 

AxiNiTE  yp.  310),  H.  =6*5-7.  G.=3*27;  B.B.  reaction  for  boron. 

Toubmalikb  (p.  829).  H.=7,  G.=2'9-8*8;  no  distinct  cleavage,  commonly  in  three 
or  six-sided  prisms;  B.B.  reaction  for  boron. 

Garnet  (p.  802),  H.=6*5-7-o,  G.=8'15-4*8,  isometric. 
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TABLE  n. 

Minerals  Arranged  According  to  their  Crystallization. 

The  following  table  contains  the  names  of  all  distinct  species  whose  Crystalline  System 
is  known.  For  convenience,  however,  the  names  of  those  which  are  described  in  detail 
in  the  body  of  the  work  ara  printed  in  small  capitals.  The  species  in  each  group  are  ar. 
ranged  according  to  their  specific  gravities. 

I.  CRYSTALLIZATION  ISOMETRIC. 
A.  Lustre  Unmetallic. 


^al  Ammoniac  (p.  260) . 

Alum  (p.  395) 

Faujasite  (p.  844) 

Sylvite  (p.  260) 

Halite  (p.  259)! 

Chlorocalcite  (p.  260). . . 

Kremersite  (p.  261) 

SODALFTE  (p.  317) 

Analcite  (p.  343) 

Xosite  (p.  318) 

Ralstonite  tp.  265) 

HAmrNiTE  (p.  818) 

?Leucite  (p.  818) 

Oldharaite  (p.  285) 

PoUucite  (p.  299) 

Pharmacosidebite     (p. 
376) 

BORACITE  (p.  381) 

FLUORITE(p.  263) 

Nitrobarite  (p.  483) 

HELVTTE(p.  802) 

Garnet  (p.  802) 

DANAUTE(p.  302) 

Hauerite  (p.  244) 

Diamond  (p.  228) 

Periclasite  (p.  267) 


Spec.  Gravity  Hardness. 


1-53 
1  -56-2 
192 
1-9-2 
21-2-26 


2-l4r-2-4 
2 -2-2 -29 
2  26-2  4 
2-4 
2-4-2-5 

2  4-2  56 
2-58 
29 

2-9-3 

2-97 

319 

3-16-3-4 

8-1-8-8 

3-15-4-3 

3-43 

3  46 
3-53 
3-67 


1-5-2 

2-2-5 

5 

2 

2-5 


5-5-6 

5-6-5 

5-5 

4-5 

5-5-5 

5-5-6 

4 

6-5 

2-5 

7 
4 

6-6-5 

6-5-7-5 

5-5-6 

4 

10 

6 


Spec.  Gravity  Hardness 


Arsenolite  (p.  284) 

Nantokite  (p.  260) 

I  Spinel  (p.  271} 

i  Hercynite  (p.  272) 

I  Alabandite  (p.  237) 

Percylite  (p.  262) 

,  Sphalerite  (p.  2;,7). . . 
I  ?  Perofskite  (p.  270). 

Chrompicotite  (p.  274) . 
j  Tritomite  (p.  840) 

Pyrochlore  (p.  359). . . 

Pyrrhite  (p.  359) 

Qahnite  (p.  2;2) 

Thorite  (p.  340) 

Hatchettolite  (p.  428). . 

Manganosite  (p.  431). . . 
jSenarmonite  (p.  284).. 

Embolite(p.  2^0) 

Microlite(p.  359) 

Ceraroyrite  (p.  2C0). . 
I  Huantajayite  (p.  259) 
:  lodobromite  (p.  429) 
I  Bromyrite  (p.  260) 

Cuprite  (p.  266)  . 

Eulytite  (p.  302). . 
Bunsenite  (p.  267) 


•  ■  • 


8-70 

8-93 

8-5-41 

3-9-8-95 

3-95-4 

8-9-4-2 

4-04 

412 

3-9-4-7 

4-2-1-86 

4-4-6 
4 -3-6 -4 
4-77-4-9 
5118 
5  2-5-3 
5  8-6-4 
5-25-5  66 
6-6  5 

5-71 

6&-6 

5-8-6-15 

5-9-6 

6-4 


1-6 

2-2  5 

8 

7-5-8 

8-5-4 

2-5 

8-5-4 

5-5 

8 

5-5 

6-^-5 

6 

7-6-« 

4-5-6 

6 

6-6 

2-2-5 

1-1-6 

1-15 


2-8 
8-6-4 
4-6 
6  6 


B.  Lustre  Metallic  (and  Submetallic). 


Cubanite  (p.  245) 

Perofskite  (p.  270) 

Chromite  (p.  274) 

Tennantite  (p.  256) . . . 

Binnite  (p.  251) 

Magnesioferrite  (p.  273). 

Jacobsite  (p.  272) 

.  Corynite  (p.  247) 

B0RNITE(p.  237) 

Tetrahedrite  (p.  266) . 

LiNNiEITB  (p.  245) 

Pyritb(p.  248) 

Magnetite  (p.  272) 

Franklinite  (p.  278). . . 

Julianite  (p.  256) 

GrQnauite  (p.  237) 

Gersdorffite  (p.  246). . 

Cobaltite  (p.  246) 

Ullmannite  (p.  247). . . 
Smaltite  (p.  245) 


Spec.  Gravity 


Hardness. 


4-0:^-2 

404 

4-3-4-6 

4-4-4-5 

4-48 

4-6 

4-75 

4-99 

4  •4-5-5 
4-5-51 
4-8-6 
4-8-5-2 
4-9-5-2 

5  07-6- 09 
5-12 
6-18 
5-6-6 -9 
6-6-3 

6 -2-0 -6 

6  4-7-2 


4 

5-5 

5-6 

8-5-4 

4-5 

6-6-6 

6 

4-6-5 

3 

8-4-6 

5-5 

6-6-5 

5-5-6-5 

5-5-5-6 

soft 

4-5 

5-5 

6-5 

6-5-6 

5-5-6 


Skutterudite  (p.  246)  . . 
Polyargyrite  (p.  257)  . . 

Laurite  (p.  247) 

Argentitb  (p.  235) 

Beegerite  (p.  421) 

Galenite  (p.  235) 

Iron  (p.  226) 

Cleveite(p.  423) 

I  Metacinnabarite  (p.  241) 
IClausthalite  (p.  286). 
INaumannite  (p.  235). . . 

'Altaite(p.  287) 

iC0PPER(p.  225) 

i  Draninite  (p.  274) 

Silver  (p.  223) 

Palladium  (p.  224). . . 

Amalgam  (p.  226) 

Gold  (p.  221) 

Platinum  (p.  223).   . . 
Platiniridum  (p.  224) . 


SpecGravity 


6-7-6-8 

6-97 

6-99 

7-2-7-4 

7-27 

7-25  7-7 

7-3-7'8 

7-49 

7-5-7-7 

7-6-8-8 

8-0 

8-16 

8-84 

8-9-25 

101-111 

11-3-11-8 

14 

15-6-19-6 

16-19 

22-6-23 


Hardnees 


6 

2-6 

7abov« 
2-2-5 

2  6-3 

4-6 

6 -5 

8 

2-6-4 

2  6 

3-3  6 

2-5-8 

5-5 

2-5-8 

4-5-6 

8-3-6 

2-6-3 

4-4-5 

6-7 
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The  commonly  occurring  forms  of  some  of  the  Isometric  minerals  are  as  follows: 

1. — Octahedrons. — Alum;  Chromite;  Cuprite;  Diamond;  Franklinite;  Hatchettolite; 
Magnetite;  Microlite;  Pjrochlore;  Ralstonite;  Spinel  (incL  hercynite,  etc.);  Uraninitc  (and 
cleveite).    Also  Laurite;  Pyrrhite;  Senarmontite,  and  less  commonly  Galenite ;  Fluorite. 

2.  (7tt6e«.— Boracite;  Cerargyrite;  Fluorite;  Galenite;  Halite;  Percy  lite;  Perofskite; 
Pharmacosiderite;  Pyrite;  Sylvite. 

8.  Dodecahedrons. — Amalgam;  Cuprite ;  Garnet;  Magnetite. 

4.  Trapezohedrons, — Garnet;  (?)  Leucite;  Analcite. 

5.  Pyritohedrons. — Cobaltite  ;  Gersdorffite  ;  Hauerite;  Pyrite. 

The  Cleavage  of  Halite,  Sylvite,  Periclasite,  Galenite  is  eminently  cubic  ; — of  Fluorite, 
Magnetite,  Diamond,  eminently  octahedral  ;-^i  Sphalerite,  eminently  dodecahedral. 

n.  CRrSTALLIZATION   TETRAGONAL. 
A.  Lustre  Unmetallic. 


Spec.  Gravity  Hardness. 


MeIUte(p.  413) 

Apophyllite  (p.  340). . . 

Loeweite  (p.  8U4) 

? Leucite  (p.   318)  ... 

Sarcolite  (p.  316) 

Werneritb  (p.  316). . . 

Meionite  (p.  315) 

Edingtonite  (p.  341). . . 

Chiolite  (p.  264) 

Sellaite  (p.  264) 

Gehlenite  (p.  331) 

Melinite  (p.  308) 

Chodneffite(p.  2(j4) 

Zeunerite  (p.  379) 

Vesuvianitb  (p.  805).. 
Torbernite  (p  378). . . 
Kochelite  (p.  363) 


1-55-1 -65 

2-2-5 

2-3-2  4 

4-5-5 

2-38 

2-5-3 

2-4-2-56 

5-5-6 

2-5-2-9 

6 

2-63-2-8 

5-6 

2-6-2  74 

5  5-6 

2-7 

4-4-5 

2-7-2-9 

4 

2-97 

5 

2-9-3  07 

5-5-6 

2-931 

5 

30 

3-2 

2-2  5 

3  35-3-45 

6-5 

3-4-3-6 

2-2-5 

374 

3-3-5 

Adelpholite(p.  363)... 
Octahedrite  (p.  277). 

RutileCp  276) 

^enotiaie  (p.  864). . . , 

Zircon  (p.  304) 

!Azorite(p.  359) 

Romeiteip.  870) 

Sipylite  (p.  4^6) 

iMonimolite  (p.  370). . 
SCHEELriE  (p.  384). . . 
IPhosgenite  (p.  408). 
Calomel  (p.  260)...!. 
Cassiterite  (p.  275). 
Wulfenite  (p.  384). . 

Eosite(p.  385) 

Matlockite  (p.  262)... 
Stolzite  (p.  884) 


Spec.  Gravity 


3-8 

3-8-3-95 

4-18-4-25 

4-45-4-56 

4-4-75 


Hardness. 


3-5-4-5 

5-5-6 

6-6-5 

4-5 

7-5 


4-7 

5-6 

4-89 

6 

5  94 

4-5-5 

5-9-6-08 

4-5-5 

6-6  3 

2-75-3 

6-48 

1-2 

6-4-7-1 

6-7 

6-7  01 

2-75-3 

3-4 

7-2 

2-75-8 

7-9-8-13 

2-7.)-8 

B.   Lustre  Metallic  (and  Submetallic). 


(^HALCOPYRITE  (p.  244). 

Stannite  (p.  245) 

Hausmannite  (p.  277). . 


Spec.  Gravity 


4-1-4-8 
4-3-4-5 
4-72 


Hardness. 


3-5-4 

4 

6-5-5 


Braunite  (p.  277) 

Fergusonite  (p.  862). 
Nagvaoite  (p.  249). . 


Spec.  Gravity  Hardness. 


4-75-4-8      6-6-5 
5-84  5-8-6 

6-85-7-2    -  1-15 


III.  CRYSTALLIZATION  HEXAGONAL. 
A.  LuBTKB  Unmetallic. 


Ettringite  (p.  395) 

Coquimbite  (p.  395). . . . 
Gmelinite  (p.  845)  R*. 
Chabazite  (p.  344)  R. . 

Levynite  (p.  843)  R 

Zincaluminite  (p.  440). . 
? Tridymite  (p.  288)... 

Hallite(p.  855) 

Cancrinite  fp.  317) 

Chalcophylhte  (p.  375). 
Nepheute  (p.  316) 


Spec.  Gravity 

HnrdnesM. 

1-75 

2 

&-21 

2-2-5 

2-04-2-17 

4-5 

208-2-19 

4-5 

21-2-16 

4-4-5 

2-26 

2-5-8 

2-28-283 

7 

2-4 

2-4-2-5 

5-6 

2-4-266 

2 

2-5-2-65 

5  5-6 

Spec.  Gravity 


Pyrosmalite  (p.  840). . . 

IDreelite  (p.  390)  R 

Magnksitk  (p.  402)  R. . 
Cronstedtite  (p.  357). . . 
DiOPTASE  (p.  301)  R. . . 
Rhodochkosite  (p.  403) 

R 

Volborthite  (p.  374). 
BEUcriE  (p.  281)  R. 
SlDEKITE(p.  403)  R. 


•  •  I 


3-32 
8-2-3-4 
8-3 
8  85 
8  35 

8-4-3-7 
8-55 
3-6-4 
3-7-3 -9 


Hardnesa 


4-4-5 

3-5 

3-5-4-5 

2-5 

5 

3-5-4-5 
3-8-5 
2-5 
3 -5-4-5 


*  Species,  after  whose  names  an  B  is  written,  belong  to  the  Rhombohedral  Division, 
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Quartz  (p.  284)  R 

CALCITB(p.  898)  R 

Microsommite  (p.  817) . 

Alunite(p.  396)  R 

Beryl  (p  299) 

Penninitb  (p.  855)  R. . . 

Oatapleiite  (p.  839) 

Dolomite  (p.  4')1)  R. . . 
Eudialyte  (p.  299)  R. . . 
Tourmaline  (p.  329)  R. 
Ankerite  (p.  402)  R. . . 

Apatite  (p.  364) 

Phenacite  (p.  801)  R. . . 

Seybertite  (p.  368) 

Pnedelite(p.  802)  R... 
Breunerite  (p.  402)  R  . . 

Wurtzite  (p.  243) 

Corundum  (p.  267)  R. . . 


Spec.  Gravity 

Hiirdnor*8. 

2-6-2 -8 

7 

2-6-2  78 

2-5-8  5 

2-60 

6 

2-6-2-76 

3-5-4 

2-6-2-76 

7-6-8 

2-6-2  85 

2-2-5 

2-8 

6 

2-8-2  9 

3-6-4 

2-9-3 

6-5 

2-94-3-3 

6-5-7-5 

2-95-31 

3-6-4 

2 -9-8 -26 

6 

2  96-3 

8 

3-8  1 

4^ 

3-07 

4-75 

3-32 

4-4-5 

8  98 

8-5-4 

8-9-416 

9 

Willemite  (p.  801)  R. . 
Smithsonite  (p.  404)  R. 

ParisiteCp.  408) 

Covellite  (p.  249) 

Oerite(p.  840) 

Pluocente(p.  264) 

Greenockite  (p.  242) . . 

ZiNCITE  (p.  266) 

Iodyrite(p,  260) 

Proustite  (p.  263)  R . . . 
Pyraroyrite  (p.  252)  R 
Schwartzembergite    (p. 

262) 

Tysonite  (p.  489) 

Pyromorphitb  (p.  866). 
Vanadinitb  (p.  367). ... 
Mimetite  (p.  866) 


Spec.  Gravity  UaTdiiies& 


8-9-4-3 

4-4-45 

4-85 

4-6 

491 

4-7 

8-8-.5 

6-4-5-7 

56-5-7 

5-4-5-56 

5-7-5-9 

6-7-6 -3 
618 
6-6-71 
G -7-7-23 
7-7-25 


5-5 

5 

4*5 

l-Sh-2 

6-6 

4-5 

8-3-5 

4-4-5 

soft 

2-2-5 

2-2-5 

2-2-5 
45-5 
8-^-4 
2-5-3 
8-5 


B.  Lustre  Metallic  (and  Submetallic). 


Graphite  (p.  280) 

Chalcophanite  (p.  288).. 

Pyrrhotite  (p.  241) 

Molybdenite  (p.  233). . 
Menaccanitb  (p.  269)  R 
Hematite  (p.  268)  R. . . 

Beyrichite  (p.  241) 

Millbrite  (p.  241)  R . . 
Pyraroyrite  (p.  262)  R 

Arsenic  (p.  226)  R 

Tellurium  (p.  227). . . 


Spec.  Gravity 

Hardncse.' 

2  1-2-23 

1-2 

8-91 

2-5 

4-4-4-7 

3-5-46  ' 

4-4-4-5 

1-1-6 

4-5-5 

6-6 

45-68 

6  •5-6-5 

4-7 

3-3  5 

4-6^-66 

8-8 -5 

5-7-^9 

2-2  5 

6-93 

3-5 

6-1-6-3 

2-26 

Allemontite(p.  227).. 
Antimony  (p.  227)  R. 
Tedradymitk  (p.  233) 
Niccolite  (p.  242)  . . 
Breitbauptite  (p.  248) 

Joseite(p.  283) 

Wehrlite(p.  288) 

Cinnabar  (p.  240)  R 

Bismuth  (p.  227) 

Iridosmine  (p.  224). . . 


Spec.  Gravity 


0 18-6  2 
6-6-6-7 

7-2-7-9 

7-a-7-7 

7-54 

7  93 

8-44 

90 

9-78 

19-8-21 


Hardness. 


8-8-5 

a-3-6 

2 

6-5-5 

5-5 

soft 

1-2 

2-2-5 

2-2-5 

6-7 


Tbe  crystals  of  the  following  species  are  sometimes  Pseudo-Hexaoonal  (see  pp.  96,  97, 
and  188-190)  as  a  result  of  repeated  twinning  : 

AraKonite,  cerussite,  chrysoberyl,  jordanite,  leadhillite,  milarite,  stephanitCy  strontian- 
ite,  witherite,  zinkenite. 

The  species  of  the  mica  group  and  most  of  those  of  the  chlorite  groups  are  also  Pseudo- 
Hexagonal,  the  true  form  (monoclinic)  approximating  very  closely  to  that  required  by 
the  hexagonal  system. 

IV.  CRYSTALLIZATION  ORTHORHOMBIC. 

A.  Lustre  Unmetallic. 


Struvite  (p.  871) 

Lecontite  (p.  392) 

Aphthitalite  (p.  390)... 

Mascagnite  (p.  392) 

Epsomite  (p.  894) 

Fauserite  (p.  894) 

^itre(p.379) 

Erythrosiderite  (d.  261). 
Newberyite  (p.  432). . . . 

Goslarite  (p.  895) 

Sulphur  (p.  228) 

Natrolite  (p.  342) 

?Pilinite(p.  344) 

?  Gisraondite  (p.  341) . . 

Eudnophite  (p.  344) 

Thomsonite  (p.  342)... 
WAVELLrrB  (p.  876). . . . 

Scorodite  (p.  375) 

Forsterite  (p.  800) 


Spec.  Gravity 

Hordnesd. 

1-65-1 -7 

2 

2-2-5 

1-73 

8-8-5 

173 

2-25 

1-76 

2-25 

1-89 

2-2-5 

1-94 

2 

2  04 

2-2-5 

2(»7 

1-5-2-5 

2-17-2-25 

6-5-5 

2-26 

2-265 

4-5 

2  27 

5-5 

2-3-2-4 

5-55 

2-84 

8  4 

8'l-3-3 

3-5-4 

3 -2-3 -83 

6-7 

ZoisiTE(p.  808) 

Dufrenite(p.  878) 

Calamine  (p.  839) 

?  Astrophyllite  (p.  318). 
Hypersthene  (p.  290) . 

^Euchioite  (p.  873) 

DiASPORB  (p.  279) 

Chrysolite  (p.  800) 

Uranospinite  (p.  879) . . 

Orpiment  (p.  281) 

JGuarinite  (p.  886) 

Serpierite  (p.  486) 

Langite(p.  897) 

Triphtlitb  (p.  869). 

Topaz  (p.  882) 

Ardennite  (p.  810) 


•  • . 


Triplite  (p.  869) 

Staurolitb  (p.  836).. .. 


Spec  Gravity 


8-1-3-88 

8*2-8-4 

8-16-39 

8-32 

8-39 

8-89 

8-8-8-5 

3-3-8-5 

8  46 

8-48 

3-49 

8-5 

8  64-8-6 

3-4-8-68 

8-62 

3-4-3-8 

3-4r-8-8 


Hardneee. 


6-6-5 

8-5-4 

4-6-5 

8 

6-6 

8-5-4 

65-7 

6-7 

2-8 

1-5-2 

6 

2-5-3 

6 

8 

6-7 

4-6-5 

7-75 


DSTEBMINATION  OF  MINERALS. 
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Pore6ite(p.  847) 

Eaolinitb  (p.  851) 

Peffanite  (p.  878) 

Muarite  (p.  482) 

KieseriteCp.  894) 

IOLITE(p.  801) 

Lanthanite  (p.  410). . . 

Talc  (p.  848) 

Aspidolite  (p.  812) 

Ptbophtllttb  (p.  849).. 
Phlooopite  (p.  812). . . 
Haidingerite  (p.  871). . . 

PRBHNITE  (p.  840) 

StrengiteCp.  487) 

Araoonite  (p.  40')) 

Anutdbite  (p.  889) 

Herderite  (p.  870) 

Villarsite  (p.  Ul) 

Fluellite  (p.  264) 

Danbarite  (pp.  811, 424) 
Manganocaicite  (p.  406). 

DiacTasite  (p.  291) 

Kupfferite  (p.  296) 

Seybertite  (p.  358) 

Tyrolite  (p.  874) 

Reddingite  (p.  435) 

Autunite  (p.  879) 

Anthophtllite  (p.  295). 
Andalusite  (p.  881) . . . 

Humite  (p.  827) 

Monticelute  (p.  800). . . . 

Eoephorite  (p.  428) 

OHILDREinTE  (p.  877) . . 
Enstatite  (p.  290) 


Spec.  Gravity  I  Hardnefs. 


2-41 

2-4-2-68 

1-25 

2-5 

3-3-5 

2 -5-2 -59 

5-5-6 

2-52 

2-5 

2  56-2-67 

7-7-5 

2-6-2-67 

2-5-3 

2 -6-2 -8 

1-1-5 

2-72 

1-2 

2  •75-2-9 

1-2 

2-78-2-85 

2^-S 

2-85 

1-5-2-5 

2-8-2-9 

6-6-5 

2-8T 

3-4 

2-93 

8-5-4 

2-9-2-98 

8-3-5 

2  98 

5 

2-99 

4-5 

3 

3 

7-7  25 

304 

4-5 

8-0'> 

8-5-4 

8-08 

5-5 

8-31 

4-5 

3-8-1 

1-2 

8-10 

8-3  5 

805-3-19 

2-2  5 

31-8-2 

5-5 

3-1-3 -2 

75 

81-3-24 

6-6-5 

3-3-25 

5-5-5 

8-13 

5 

818-8-24 

4-5-5 

8-1-8-8 

5-5 

Spec.  Gravity  llanlnesfti 


XJranocircite  (p.  439). . . 
Chrtsobertl  (p.  274:. . 
Stronttanite  (p.  406) . 

Knebelite  (p.  800) 

Libethenite  (p.  878) . . 

Bromlite  (p.  406) 

Atacamite  (p.  261) 

Claiidetlte(p.  284) 

JHortonoIite  (p.  800) 

Celestite  (p.  888) 

iRoepperite  (p.  300) 

Stembergite  (p.  240) . . . 

Cervantite  (p.  284) 

Tephroite  (p.  300) 

Brookite  (p.  277) 

Ge^THiTE  (p.  280) 

Olivenite  (p.  373) 

WlTHERlTE  (p.  406) 

BARITE(p.  387) 

MoIybdite(p.  284) 

EUXENITE  (p.  862) 

Polymignite  (p.  862)... 

Polycrase  (p.  862) 

^SCHYNITE  (p.  862) 

Cotunnite  (p.  261) 

Valentinite  (p.  284). . . 

Descloizite  (p.  867) 

Pucherite  (p.  867) 

Anolesitr  (p.  889) 

Kentrolite  (p.  480) 

Leadhillite  (p.  890). . . 

Cerussite  (p.  407) 

Nadorite  (p.  870) 

Mendipite  (p.  262) 


3-53 

3-5-3-84 

8-5 

8-6-3-71 

8-5-4 

8-71 

6-5 

8  6-8-3 

4 

87 

4-4-5 

8-:6-3-9 

8-3-5 

8-85 

3  91 

6-5 

3  9-3-98 

8-3-5 

3-98-4-08 

5-5-6 

4-21 

1-1-5 

4  08 

4-5 

4-412 

5-5-6 

4-03-4-23 

5-5-^ 

4-4-4 

5-5-5 

41-4  4 

8 

4-8 

8-3-75 

4-8-4-7 

2-5-8-5 

4-5 

1-2 

4-6-5 

6-5 

4-7-4-85 

6-5 

5-1 

5-5 

4-9-5-14 

5-6 

5-24 

soft. 

5-57 

2-5-« 

5  84 

8 -6 

5-91 

4 

61-6-89 

275^ 

619 

5 

6-26-6-44 

2-5 

6-48 

8-8-5 

7-02 

8 

7-7-1 

2-5-8 

B.  Lustre  Metallic  (and  Submetallic). 


Ilyaite  (p.  809) 

Manganite  (p.  280) 

Chalcostibite  (d.  250). . . 

Ekargitb  (p.  257) 

Epigenite  (p.  258) 

Spathiopynte  (p.  246). . 

Stibnite  (p.  232) 

Famatinite  (p.  258) 

Klaprotholite  (p.  251). . 

Marcasite  (p.  247) 

Llvingstonite  (p.  232). . 
StyJotypite  (p.  254) . . . . 

Ptrolusite  (p.  278) 

Witticbenite  (p.  254). . . 

Guejarite  (p.  428) 

Guanajuatite  (p.  283) . . 

Emplectite  (p.  250) 

ZlXKEKITE  (p.  250) 

Sartorite  (p.  250) 

Samarskite  (p.  861).. . . 

Dufrenoysite  (p.  251). 

Yttrotantalitb       (p. 

861) 


Spec.  Gravity 

HardDCBH. 

3-7-4-2 

5-5-6 

4-2-4-4 

4 

4"25-5 

8-4 

4-44 

8 

3-5 

4-5 

6-7 

4-52 

2 

4*57 

3-5 

4-6 

2-5 

4-7-4-85 

6-6-5 

4-81 

2 

4-79 

3 

4-82 

2-2  5 

5 

3-5 

5-03 

35 

515 

5-1-5-26 

2  2-5 

5  85 

8-3-5 

5-39 

8 

5-45-5-7 

5-5-6 

5  5-5-6 

8 

5-4-5-9 

5-5-5 

Jamesonite  (p.  251) . . . 
CHALCocrrE  ip.  289). . . . 
Columbite  (p.  860) 

BOURNONTTE  (p.  258)  . .  . 

Diaphorite  (p.  252) 

Glaucodot  (p.  248) 

Aikinite(p.  254) 

Poltbasite  (p.  257). . . . 
Stephanite  (p.  256). . . . 
Stromeyerite  (p.  240). . . 

Wolfachite  (p.  247) 

Arsenopyrite  (p.  247). . . 


Jordanite  (p.  251). 

Geocronite  (p.  257) 

lAUocIasite  (p.  248) 

■  Bismuth  fNTTE  (p.  282). . 
■Leucopyrite  (p.  248) . . . 
L5llingite  (p.  248) 

I ACANTHITE  (p.  289). .  .  . 

Tantalitb  (p.  859) 

Hbssite  (p.  288) 

Krennerite  (p.  480) 

jDtsckasite  (p.  234). . . 


Spec.  Gravity 


5-5-5 -8 

5  5-5-8 
5-4-0-5 
5-7-5-9 
5-90 

6  0 

6-16-8 
621 

6  27 

6-2-6-3 

6-87 

66-4 

6-4 

6-4-6-6 

6-6 

6-4-7-2 

62-7-3 

6-8-8-7 

7-16-7-3 

7-8 

8-3-8-6 

9-4-9-8 


Hardness. 


2-8 

2  5-3 

6 

2-5-3 

2-5-8 

5 

2-2-5 

2-3 

2-2-5 

2-5-8 

5-5 

5-5-6 

2-8 
4-5 
2 
5-5-5 

2-5 

6-6-5 

2-3-5 

8-5-4 
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CRYSTALLIZATION  MONOCLINIO. 
A.  LusTBB  Unmetallic. 


Natron  (p.  409) 

MlRABILITE   (p.  392)... 

BoBAX  (p.  381) 

Copperas  (p.  894) 

Gay-Lussite  (p.  409). . 

Botryogen  (p.  395) 

Whewellite  (p.  412).... 

Teona(p.  408) 

Hydromagnesite  (p.  409) 

SCOLECITE  (p.  343) 

Stilbite  (pp.  346,  487) 
Phillipsite    (pp.  845, 

433) 

Heulandite  (p.  847). . 
Gypsum  (p.  394) 

GlBBSITE(p.  282) 

Syngenite  (p.  394) 

Laumoxtite  (p.  338). . 
Epibtilbite  (p.  347). . . 
Brewsterite  (p.  347). . . . 

Petalite(p.  295) 

Harmotome  (p.  846). . . 
Oethoclase  (p.  325). . . 

VlYIANITE   (p.  371) 

RlPIDOLITE   (p.  356) .  .  . 

Pectolite  (p.  387).   . . . 

Pharmacolite  (p.  870) 

Glaubebite  (p.  391). . . 

Biotite  (p.  312),  Lepi- 
DOLiTB  and  other 
Micas 

Muscovite  (p.  318) 

Vaalite  (p.  355) 

Wollastonite  (p.  291) 

Datolite  (p.  334) 

Hyalophane  (p.  322). . 

Prochlorite  (p.  357)  . . . 

Corundophilite  (p.  868). 

Isoclasite  (p.  378) 

Cryolite  (pp.  264. 424) 

Thomsenolite  (p.  438). . 

Pachnolite  (p.  265). . . 

Leucophanite  (pp.  800, 
480) 

Margarite  (p.  357). . . 

Amphibole  (p  296) 

Erythrite  (p.  372) . . . 


Spec.  Gravity 


Hardness.' 


1-42 

1-1-5 

1-48 

1-5-2 

1-72 

2-2-5 

1-8-2 -2 

2-2-5 

1-9  1-99 

2-3 

2-04 

2-2-5 

2 -6^3 

2-11 

2-5-3 

2-14-2'18 

8-5 

2 -1-2 -4 

5-5-6 

209-2-2 

8-6-4 

2-20 

4-4  5 

2-3 

8-5-4 

2-8-2-88 

1-5-2 

2-^2-4 

2-5-3-5 

2-25-2  0 

2-5 

2  25-2:36 

3-5-4 

2-2i>-2  33 

4-45 

2-43 

4-5-5 

2  •4-2- 5 

6-«-6 

2-45 

4-5 

2-4-2-6 

6  6-5 

2  58-2-68  ; 

15-2 

2-6-2-8 

2-2-5 

2 -65-2 -8 

5 

2(J-2-73 

2-2-5 

2  6-2  85 

2-5-8 

2-7-8-1 

2-5-3 

2-7-8-1 

2-2-5 

2 -78-2 -9 

4-5-6 

2-8-3 

5-5-6 

2  •8-2-9 

6-6-5 

2-8-2-96 

1-2 

2-9 

2-5 

2-92 

1-6 

2-9-8 

2-6 

2-93-8 

26-4 

2-97 

3-5-4 

2-99 

3 -5-4-6 

2-9-8-4 

6-6 

2-95 

2-2-5 

Waoneritb  (p.  868). . . 

Kottig-ite  (p.  872) 

Ludlamite  (p.  372) 

Spodumenb  (p.  296). . . 

Lazulite  (p.  876) 

EUCLABB  (p.  838) 

Herren^rundite  (J).  428) 

Johannite  (p.  397) 

Chomdbodite  (p.  327). 
Clinouumitb  (p.  328). . 

Fibrolite  (p.  881) 

Allanitb  (p.  306) 

Epidote  (p.  307) 

Pyroxenr  (p.  292) 

Acmite  (p.  294) 

Homilite  (p.  429) 

Dickinsonite  (p.  425). . . 
Hedmontite  (p.  808). . . 

Fillowite  (p.  427) 

Realgar  (p.  231) 

TiTANlTE  (p.  335) 

^girite  (p.  294) 

Keilhauite  (p.  836) 

AZURITE  (p.  411) 

Barytocalcite  (p.  408); 

.Triploidite  (p.  439) ! 

Chalcomenite  (p.  4*22). .  i 
Malachite  (p.  411). . . 
Brochantite  (p.  396). 

TrSgerite  (p.  879) ' 

'  Durangite  (p.  870) 

Gadollnlte  (p.  809). . . .  > 
Pyroetilpnite  (p.  252). . ' 
,Clinoclasite  (p.  374). . 
Monazite  (p.  368),  Tur- , 
i     nerite 

jMlAROYRITE  (p.  2^).  .  . 

Lfnaritr  (p.  896) 

Vauqublinite  (p.  886) 
Laxmannite  (p.  886). . 
IWalpurgite  ^.  879). . 

Crocoitb  (p.  885) 

I  Lanarkite  (p.  891) 

Caledonite  (p.  891;. 
'  Megabasite  (p.  883; 
HQbneriteCp.  883) 


Spec.Gnivity 

UardneM 

'  8-07 

6-5-5 

'  81 

2-6-3 

!  812 

3-5 

81-819 

6-6-7 

8-812 

6-6 

8-1 

7-5 

8-13 

2-5 

3-19 

2-26 

J*  .  .  . 


3-1-3-24 

81-3  24 

3-2-8-3 

3-4-2 

3 -26-3 -6 

8-2-8-5 

8-2-8  53 

8-84 

3-84 

8  4-4 

8  43 

3-4-8-6 

3-4-8  56 

8 -46-8 -6 

8-7 

8-5-3-88 

8-64-8-66 

3-7 

3-76 

3-7-4-01  ■ 

3-8-8-9 

3-96 

3  05-4-03 

4-4-6 

4-2-4-26 

4-2-4-36 

4 '9-6-26 

6-2-5  24 

6-8-5-45 

5-6-5-78 

5-77 

5-8 

5-9-6-1 

6-3-7 

64 

6-45 

7-14 


6-6-5 

6-66 

6-7 

6-5-6 

6-7 

6-6 

6 

4-5-5 

3-5-4 

6-6 

4-5 

1-6-2 

6-5-5 

6-5-6 

6-5 

3-6-4 

4 

4-5-5 

3-5-4 
3-6-4 

6 

6-6-7 
2 
2-6-3 

6-6-5 

2-2-5 

2-6 

2-6-3 

3 

2  6-3 
2-2-5 
2-6-3 
8-6-4 
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B.  Lustrb  Metallic  (and  Submetallic). 


Spec.  Gravity 
3-4-2 

HardnesB. 

f 

Spec.  Gravity 
6-84 

Hardnesa 

Allantte  (p.  308) 

Clarite  (p.  253) 

6-5-6 

Meneghlnite  (p.  256). . . 

2-5 

4-46 

8-5 

Freibslbbenttb  (p.  262) 
Wolfbamite  (p.  ft88). . 

6-64 

2-2-5 

Crednerite  (p.  278) 

4-9-5-1 

4-5 

7-1-7-66 

6-6-5 

Mlaroyrite  (p.  249). . . 

5-2-64 

2-2-5 

Sylvanitb  (p.  248) 

8-8-3 

1-&-2 

Plagionite  (p.  251) 

64 

2-5 

MHIita 


HMMlk 
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CRYSTALLIZATION  TRICLINIC. 


Sassolite  (p.  380) 

Hannayite  (p.  428) 

Chalcanthitb  (p.  884). 
Wapplerite  (p.  371). . . . 

Microcline  (p.  826) 

Albitb  (p.  828) 

Oliooclase  (p.  828) 

Labraborite  (p.  821). . 

MONETITE   (p.  432) 

Axdesite  (p.  822) 

Anobthitb  (p.  821). .. . 


Spec.  Gravity 

Hardness. 

1-48 

1 
1 

19 

1 
1 

2-21 

2-5 

2-48 

2-2-5     1 

2-54 

1 

2-59-2-65 

0-7 

205-2  69 

6-7 

2-67-2-76 

6 

2-76 

8-5 

2'61-2-74 

6 

2  •66-2-78 

^7 

Eggonite  (p.  425) 

Amblyoonite  (p.  869). . 
Fairfieldite  (p.  426).... 

Axixite  (pj.  810) 

Babingtonite  (p.  295).. 

Cyanite  (p.  882) 

Rhodoxite  (p.  204) 

Veszelyite  (p.  878) 

Ro8elite(p.  872) 

?  Brochantite  (p.  396  K 
,Pseudomalachite  (p.874)| 


Spec.  Gravity  Hardness. 


8-811 
816 
8-27 
8-8-8 -87 
8-4-8  7 
8  4-8-7 
8-5 

8-5-8-58 
3-8-8 -9 
4-4-4 


4-5 

6 

3-5 

6-6-7 

6  5-6 

5-7 -26 

5-5-6-5 

4 

8-5 

3-5-4 

4-5-6 


ZtL  AXTXZLIART  TABLES. 


A.  Minerals  whose  Hardness  is  equal  to,  or  greater  than,  7  {Quartz=7). 


Quartz  (p,  284) 
Tridymite  (p.  288) 
Danburite(p.  311) 
Boracite  (crystals)  (p, 
Cyanite  (p.  832) 
Tourmaline  (p.  829) 
Garnet  (p.  802) 
lolite  (p.  811) 
Staurolite  (p.  836) 
Schorlomite  (p.  837) 


Hardness. 


881) 


7 
7 
7 


Cryst.* 
III."  (R) 
III.? 
IV. 


I. 


6-7-25  VL 
6-5-7-5  III. 
6 '5-7-5  L 
7-7-5  IV. 
7-7-5  IV. 
7-7-5       — 


(R) 


Euclase  fp.  888) 
Zircon  (p.  814) 
Andalusite  (p.  881) 
Beryl  (p.  299) 
Phenacite  (p.  301) 
Spinel  (p.  271) 
Topaz  (p.  832) 
Chrysoberyl  (p.  274) 
Corundum  (p.  267) 
Diamond  (p.  228) 


Hardness. 
7-5 
7-5 
7-5 
7-5-8 
7-5-8 
8 
8 

8-5 
9 
10 


Cl-TSt 

IL 
IV. 

in. 

III.   (R) 

1. 
IV. 
IV. 
III.   (R) 

I. 


The  following  minerals  have  hardness  equal  to  6-7,  or  6-5-7. 

Iridosinino,  III. — Cassiterite,  II.;  Diaspore,  IV.;  Chrysolite,  IV.;  Spodumene,  V. ; 
Epidote,  v.;  Ardennite,  IV. ;  Gadolinite,  V. ;  Fibrolite,  V. ;  Feldspars,  VI. ;  Axinite,  VI. 

B.  UnmetaUic  Minerals  which  are  distinctly  foliated  in  some  of  their  varieties. 

1.  Micaceous:  easily  separable  into  yery  thin  laminie,  flexible  to  slightly  brittle. 

a.  Micas  (pp.  811  to  815):  lamiuffi  tough  and  elastic,  except  when  they  have  under- 
gone alteration;  Anhydrous.  Here  are  included  the  species:  Phlogopite;  Biotite;  Musco- 
vite; Lepidolite;  Cryophyllite.     These  graduate  into  the 

Hydro-micas  (pp.  858,  854),  in  which  the  lamiciB  are  inelastic  and  more  or  less 
brittle.  Here  belong:  Fahlunite;  Margarodice;  Damourite;  Paragonite;  Cookeite;  Eu- 
phyllite;  Oellacherite,  etc. ;  and  related  to  these,  Margarite. 

Lepidomelane  is  another  mica  (anhydrous  or  nearly  so)  whose  foUa  are  nearly  in- 
elastic.    Astrophyllite  is  a  micaceous  member  of  the  pyroxene  family. 

b.  Chlorttes  (:^5  to  857):  laminae  tough  but  mostly  inelastic;  hydrous  ;  color  gen- 
erally dark-green.  Here  are  included:  Penninite;  Ripidolite;  Prochlorite,  etc.  These  are 
related  to  the  Vermiculites  (p.  855 \  in  which  the  laminiB  are  less  tough,  being  more  or 
less  brittle:  Jefferisite;  Pyrosclerite,  etc. 

e.  Pyrophyllite.  Talc,  sometimes  rather  micaceous,  laminff>  soft,  and  somewhat 
greasy  to  the  feel.  Brucite  is  related  in  character,  but  differs  chemically  in  being  soluble 
in  acids. 

d.  Torbemite, color  deep-green;  Autunite,  color  yellow  to  bright-green,  laminae  brittle. 


•  Here,   as  elsewhere,  I. = 1  sometric ;  II. = Tetragonal ;  III.  =  Hexagonal ;    FV. = Ortho- 
rhombic;  V  -sMonoclinic;  VI.=Triclimc. 
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2.  'Sot  properly  inlcaoeoii8»  though  separable  more  or  less  easily  into  thin  laminas. 
Chlontoid  (p.  358)  and  Serbertite  (p.  868)  are  foliated,  the  lamina  not  separating 
Mflily.     So  also  Bzonsite,  Hy]>6n(inene,  Didlag«,  and  MaxmoUte. 

Gypsum  sometimes  ooonxs  in  soft,  separabla  laminn  (Tar.  Selenite),  slightly  flexible 
Zhicite  and  Ezythrite  are  sometimes  foliated  bat  not  separable. 

0.  UnmetaBie  Minerals  uhieh  in  some  of  their  varieties  have  a  fibroub  stmciure. 

1.  Easily  separable  into  flexible  fibres. 

Asbestns  (=amphibole) ;  Crocidolite;  ChTysotile(= serpentine);  Anthrosideiite. 

2.  Fibrous,  not  easily  separable ;  stractare  ^adoating  into  oolomnar. 

Anhydrous  aSUeates: — ^Enstatite;  WoUastonite ;  Fibrolite;  also,  though  more  properlj 
oolumnar  Id  struoture : — pyanite ;  Epidote ;  Tourmaline. 

Hydrous  Sitieates^  Zeolites  mostly :— Thomsonite ;  Okenite ;  Natrolite ;  Soolecite ;  Peoto- 
lite ;  GaiphoUte.    Also  some  Serpentine. 

Phosphates;  Arsenates: — ^Wayellite;  Oaooxenite;  PhazmaooUte ;  Dofrenite;  Olivenika 
Yivianite;  Fyromorphite. 

Sulphates:  Anhydrite;  Barite;  Oelestite;  Gypsom. 

Carbonates:— Calcite;  Rhodochroeite ;  Magnesite;  Hydromagnesite ;  Aragonite;  Mala- 
chite. 

Also: — ^Bmcite  (nemaiite);  Sussezite;  Ulexita. 
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Abriachanite,  4d0. 
Acadiallte,  844 
Acanthite,  289. 
Achrematite,  886. 
Achroito,  880. 
Acmite,  294. 
ActinoUte,  297. 
Adamine,  Adamite,  878;  420. 
Adelpholite»  868. 
Adiilar,  Adularia,  826. 
^girine,  ^gyrite,  294. 
ASrinite,  2360. 
.^chjnite,  862. 
Agalmatolite,  849,  862. 
Agaric  mineral,  400. 
Agate,  286. 
Aglaite,  420. 
Agricolite,  902. 
Aikinite,  264. 
Aikite,  486. 

Akanthit,  v.  Acanthite. 
Akmlt,  v.  Acmite. 
Alabandite,  287. 
Alabaster,  898. 
AlaUte,  298. 
Alaskaite,  420. 
Alaiin  «.  Alum. 
Alaunstein.  396. 
Albertite,  416. 
Albite  828;  420. 
Alexandrite,  276. 
Algodonite,  286. 
Alipite,  861. 
Allanite,  808. 
Allemontite,  227. 
Allochroite,  «.  Andradite. 
Alloclasite,  248. 
AUophane,  841. 
Allopbite,  a56 
Almandin,  Almandite,  803. 
Alshedite,  488. 
ALstonite.  v.  Bromlite. 
Altaite,  237. 
Alum,  KatiTe,  895. 
Alumina  =s  Alnminnm  oxide. 
Aluminum  carbonate,  410. 

cbloride,  260. 

fluoride.  264,  265. 

fluo-flilioatei  882. 


Aluminum  hydrate,  270, 282. 
hydro  -  sulphate, 

896. 
mellate,  412. 
oxide  (Alumina), 

267. 
phosphate,     876, 
876,   877,   878, 
489. 
silicate,  881,  882, 

841,  849.  861. 
sulphate,  896, 896. 
Aluminite,  896. 
Alunite,  896. 
Alunogen,  896. 
Amalgam,  226. 
Amazonstone,  826. 
Amber,  416. 
Amblygonite,  869;  420* 
Amblystegite,  290. 
Ambiite,  416. 
Ambrosine,  416. 
Amesite,  424. 
Amethyst,  286. 
Amianthus,  297,  860. 
Ammonia,  V.  Ammonium. 
Ammonium  chloride,  200. 
oxalate,  433. 
phosphate,  871. 
sulphate,  893. 
Amphibole,  296;  420. 
AmQcite,  Analcime,  843. 
Anatase,  277. 
Andalusite,  881. 
Andesine,  Andesite,  822. 
Andradite,  804 
Andrewsite,  878. 
Anfflesite,  889. 
Anhydrite,  889. 
Animikite,  420. 
Ankerite,  402. 

tnnabervite,  872. 
nnerfidite,  423. 
Annite,  818. 
Anomite,  481. 
Anorthite,  821. 
Antholite,  «.  Anthophyllite. 
Anthoph^llite,  296. 
Anthiacitei  417. 


Anthracoxenite,  416. 
Antigorite,  861. 
AntiUite,  861. 
Antimonblende,  284. 
Antimonbliithe,  «.  Valentin- 

ite. 
Antimon^lanz,  282. 
Antimotiite,  282. 
Antimonsilber,  284. 
Antimony,  Arsenical,  227. 

Gray,  282. 

Kative,  226. 

Red  =  Kermesite, 
284 

White=Valentin- 
ite,  284. 
Antimony  blende,  284. 

bloom,  284. 

glance,  232. 

ochre,  487. 

oxide,  284,  487. 

sulphide,  282. 
Apatite,  864;  420. 
Aphanesite  «.  Clinoclasite. 
Aphrite,  400. 
Aphrizite,  380. 
Aphrodite,  849. 
Aphrosiderite,  856. 
Aphthalo8e,Aphthitalite,890. 
Apjohnite,  896. 
Aplome,  804. 
Apophyllite,  340;  421. 
Aquacreptite,  361. 
Aquamarine,  299. 
Arteoxene,  426. 
Aragonite,  406;  421. 
Aragotite,  414. 
Arcanite,  890. 
Aictolite,  421. 
Ardennite,  810. 
Arequipite,  421. 
Aifvedsonite,  298;  421. 
Argentine,  4j0. 
Argentite,  286. 
Argentopyrite,  487. 
Argyropyrlte,  487. 
Arite,  248. 
Arkansite,  278. 
Arksatite,  266. 
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Arquerite,  225. 
Arragonite,  405. 
Arrhenite,  421. 
Arsenargentite,  421* 
Arseneisen,  v.  Leucopyrite. 
Arseneisensinter,  v.  Pitticite. 
Arsenic,  Antimonial,  227. 

Native,  226. 

Eed,  284. 

Yellow,  284. 

White,  284. 
Arsenic  oxide,  284. 

sulphide,  281. 
Arsenical  Antimony,  227. 
Arsenikkies,  247. 
Arsenikkupfer,  284. 
Arsennickel^lanz,  240. 
Arseniosidente,  878. 
Arsenite,  t^.  Arsenolite. 
Arsenolite,  284. 
Arsenopyrite.  247. 
Asbestus,  297. 

Blue,f .  Crocidolite. 
Asbolan,  Asbolite,  283. 
Astnanite,  288;  421. 
Asparagus-stone,  865. 
Aspasiolite,  858. 
Asphaltum,  410. 
Aspidolite,  812. 
Astrakanite,  «.  B15dite. 
Astrophyllite,  313;  421. 
Atacamite,  201. 
Atelcstite,  378. 
Ateline,  Atelite,  262;  421. 
Atopite,  421. 
Aug^te,  293. 
Aurichalcite,  410. 
Auriferous  pyrite,  220.       i 
Auripigmenturo,  282. 
Automolite,  272. 
Autunite,  379;  421. 
Aventurine  quartz,  286. 

feldspar,  822,  323, 
8:25. 
Axinite,  810. 
Azorite,  859. 
Azurite,  411. 

Babingtonlte,  295. 

Baf  rationite,  v.  Allanite. 

Baikalite,  v.  Sahlite. 

Balvraidite,  421. 

Barcenite,  421. 

Bamhardtite,  245. 

Barite,  887. 

Barium  carbonate,  406,  408. 

nitrate,  ^. 

(and  uranium)  phos- 
phate, 489. 

silicate,  822,  846, 420. 

sulphate,  387. 
Bartholomite,  895. 
Barylite,  421. 
Baryt,  Barytes,  887. 


Baryta  ==  Barium  oxide. 

Barytocalcite,  408. 

Barytocelestite,  388. 

Basanite,  287. 

Bastite,  351. 

Bastnfisite,  408.  439. 

Bathvillite,  415. 

Batrachite,  800. 

Beaumontite,  347. 

Beauxite,  281. 

Beccarite,  440. 

Bechilite,  882. 

Beegerite,  421. 

Beilstein,  v.  Nephrite. 

Bell    metal    ore  =  Stannite, 

245. 
Belonite,  110. 
Benzole,  414. 
Beraunite,  u.  Vivianite. 
Bergamaskite,  420. 
Bergholz,  297. 
Bergkrystall,  v.  Quartz. 
Bergmehl.  401. 
Bergmilch,  400. 
Berg6l,  413. 
Bergpech,  416. 
Bergseife,  v.  Halloysite. 
Bergtheer,  v,  Pitta^phalt. 
Berlauite,  436. 
Bemardinite,  435. 
Bernstein,  415. 
Beryl.  299;  421. 
Beryllium  aluminate,  274. 

silicate,  299,   300, 
801,  302,  833. 
Berthierite,  251. 
Berzelianite,  237. 
Berzeliite,  421. 
Beyrichite,  24h 
Bhreckite,  422. 
Bieberite,  395. 
Biharite,  353. 
Bimsstein,  v.  Pumice. 
Bindheimite,  379. 
Binnite,  251 ;  250. 
Biotite,  312. 
Bischofite,  428. 
Bismite,  284. 

Bismuth,  Acicular  (aikinite), 
254. 

Native,  227. 

Telluric,  238. 
Bismuth  arsenate,  377,  379. 

blende(eulytite),302. 

carbonate,*412,  422. 

chloride,  262. 

glance,  232. 

nickel    (grtlnauite), 
237. 

ochre,  284 

oxide,  284. 

selenide,  283. 

silicate,  802. 

silver,  420. 


Bismuth  aulphide,  232. 
tellurate,  897. 
teUuride,  283. 
Bismuthinite,  282. 
Bismutite,  412. 
Bismutoferrite,  302. 
Bismutosphierite,  422. 
Bittersalz,  394. 
Bitter   spar,   Bitterspath,  «. 

Dolomite. 
Bitumen,  416. 
Bituminous  coal,  417. 
Bjelkite,  424. 
Black  jack,  287. 
Biattererz,  Blftttertellur,  24a 
Blatterzeolith,  r.  Heulandite. 
Blaueisenerz.  t.  Vivianite. 
Blaueisenstein,  r.  Crocidolite: 
Blauspath,  375. 
Blei,  Gediegen,  226. 
Bleiglanz,  '^35. 
Bleigliltte,  267. 
Bleigumme,  v.   Plumbogum- 

mite. 
Bleilasur,  396. 
Bleihomerz,  4C8. 
Bleini^re,  879. 
Bleinierite,  v.  Bindheimite. 
Bleispath,  407. 
Bleivitriol,  389. 
Blende,  237. 
Bl(5dite,  394. 
Blomstrandite,  422. 
Bloodstone,  286. 
Blue  vitriol,  894. 
Bodenite,  8ua 
Bog-butter,  415. 
Bog-iron  ore,  281. 

manganese,  288. 
Bole.  Bolus  =:  Halloysite. 
Bolivite,  422. 
Boltonite,  300. 
Bombiccite,  415. 
Boracic  acid.  380. 
Boracite,  881 ;  423. 
Borax,  881. 
Bordosite,  267. 
Bomite,  237. 
Borocalclte,  382. 
Boron  trioxide,  380. 
Boronatrocalcite,  881. 
Bort,  229. 
Bosjemanite,  395. 
Botallackite,  v.  Atacami^a 
Botryogen,  395. 
Botryolite,  825. 
Boulangerite,  254. 
Boumonite,  258. 
Boussingaultite,  892. 
Bowenite,  297,  350. 
Bowlineite,  422. 
Brackebuschite,  425. 
Bragite,  862. 
Branderz,  v.  IdrialitQ. 
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Brandisite,  858. 
Brauneisenstein,  280. 
Braunite,  277. 
Braunkohle,  418. 
Braunspath,  401. 
Brayaisite,  422. 
Bredber^ite,  804. 
Breislakite,  v.  Pyroxene. 
Breithauptite,  248. 
Breunerite,  402. 
Brewsterite,  M7, 
Brittle  silver  ore,  v.  Stephan- 

ite. 
Brochantite,  896. 
Bromargyrite,  260. 
Bromlite,  406. 
Bromsilber,  260. 
Bromyrite,  260. 
Brogniardite,  262. 
Brongnartine,  897. 
Bronzite,  290. 
Brookite,  277;  422. 
Brown  coal,  418. 

iron  ore,  280. 

spar,  401,  402. 
Brucite.  281 ;  422. 
Brushite,  371. 
Bucholzite,  831. 
Bucklandite,  808. 
Bunsenin,  480. 
Bunsenite,  267. 
Buntkupfererz,  237. 
Bustamite,  294. 
Butyrellite,  415. 
Byerite,  417. 
Bytownite,  321. 

Cabrerite,  422. 
Cacholong,  289. 
Caeoxenite,  Cacoxene,  878. 
Cadmium  sulphide,  242. 
Cairngorm  stone,  286. 
Calaite,  v,  Callaite. 
Calamine,  889,  422;  404. 
Calaverit-e,  249;  422. 
Calcareous  spar,  tu£a,   898  ; 

400. 
Calcite,  898. 
Calcium  arsenate,  870,  871. 

antimonate,  870,  ^1. 

borate,  882. 

boro-silicate,  884. 

carbonate,  898,  406. 

chloride,  260. 

fluoride,  268. 

nitrate,  879. 

oxalate,  412. 

phosphate,  8C4,  871, 

silicate,    291,     888; 

821. 
sulphate,  889,    892; 

391. 
sulphide,  286. 


Calcium  tantalate,  859,  481. 
titanate,  270. 
tungstato,  884. 
Calcozincite,  267. 
Calc-sinter,  400. 
Caledonite,  391. 
Callais,  CaUaite,  877. 
Calomel,  260. 
Calvonlcrite,  484. 
Campylite,  367. 
Canaanite  =White  Pyroxene. 
Cancrinite,  317;  422. 
Cannel  Coal,  417. 
Capillary  pyrites,  241. 
Caporcianit«,  838. 
Carbonado,  229. 
Carbon  diamantaire,  229. 
Camallite,  261. 
Camelian,  286. 
Carpholite,  841. 
Caryinite,  422. 
Cassiterite,  275. 
Castor,  Castorite,  295. 
Catapleiite,  889. 
Cataspilite,  853. 
Cat's  eye,  2^6. 
Cavolinite,  816. 
Celadonite,  840. 
Celestialite,  435. 
CelestitQ,  Celestine,  888. 
Centrallassite,  388. 
Cerargyrite,  260. 
Cerbolite,  892. 
Cerine,  8o8. 
Cerite,  840. 
Cerium  carbonate,  408. 

fluoride,  489. 

phosphate,  864,  868. 

sUicates,  308,  830. 
Cerolite,  851. 
Cerussite,  407. 
Cervantite,  284 
Ceylanite,  Ceylonite,  271. 
Chabazite,  844;  422. 
Chalcanthite.  394. 
Chalcedony,  286. 
Chalcocite,  2H9. 
Chalcodite,  350. 
Chalcolite,  878. 
Chalcomenite,  422. 
Chalcomorphite,  841. 
Chalcophanite,  283. 
Chalcophyllite,  375. 
Chalcopyrite,  244;  422. 
Chalcosiderite,  878. 
Chal cosine,  289. 
Chalcostibite,  250. 
Chalcotrichite,  266. 
Chalk.  400. 
Chalybitc,  408. 
Chathamite,  246. 
Chert,  287. 

Chesterllte,  826.  [412. 

Chessy    Copper,    Chessylite, 


Chiastolite,  381. 
Childrenite,  877;  422. 
Chiolite.  264. 
Chladnite,  290. 
Chloanthite,  245. 
Chloralluminite,  260. 
Chlor-apatite,  365. 
Chlorastrolite,  340. 
Chlorite  Group.  355. 
Chloritoid.  858. 
Chloritspath,  868. 
Chlormagnesite,  260;  428. 
Chlorocalcite,  260. 
Cliloropal,  350. 
Chlorophffiite,  356. 
Chlorophane,  263. 
Chlorophyllite,  853. 
Chlorothionite,  200. 
Chlorotile,  873. 
Chodneffite,  264. 
Cliondrarsenite,  872. 
Chondrodite,8i7;  428. 
Chonicrite,  855. 
Chrismatite,  413. 
Chromeisenstein,  274. 
Chromglimmer,      v.     Puch- 

site. 
Chromic  iron,  274. 
Chromite,  274;  423. 
Chrompicotite,  274. 
Chromium  oxide,  274. 

sulphide,  242. 
Chrysoberyl,  274. 
Chrysocolla,  838;  428. 
Chrysolite,  300;  428. 
Chi^soprase,  286. 
Chrysotile,  350. 
Churchite,  371. 
Cinnabar,  240. 
Cinnamon  stone,  808. 
aarite,  258. 
Claudetite.  284. 
Clausthalite,  286. 
Clay,  851,  et  sea. 
Cleavelandite,  824 
Cleveite,  423. 
Clingmanite,  858. 
Clinoclasc,  Clinoclosito,  874 
Clinochlore,  856. 
CUnocrocite,  423. 
Clinohumite,  828. 
Clinophffiite,  428. 
aintonite,  858;  428. 
aoanthite,  245. 
Coal,  Mineral,  417. 
Boghead,  48. 
Brown,  418. 
Cannel,  417. 
Cobalt,  Arsenical,  245,  246. 

Black  (asbolite),  283. 

Earthy,  283. 

Gray  (smaltite),  245. 

Red  (erythrite),  872. 

White  (cobaltite),  246. 
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Cobalt  bloom,  872. 
glanoe,  246. 
arsenate,  872. 
arsenide,  246;  248. 
carbonate,  486. 
oxide,  288. 
selenite,  483. 
sulphate,  894. 
sulphide,  245. 
Ck>baltine,  Cobaltite,  246. 
Cobaltomenite,  482. 
Coocolite,  298. 
Coke,  417. 

COlestine,  v.  Celestite. 
Coeruleolactite,  876. 
CoUjrrite,  841. 
Colophonite,  804. 
Coloradoite,  428. 
Columbite,  860;  428. 
Comptonite,  842. 
Connellite,  891. 
Cookeite,  854. 
Copal,  Fossil,  415. 
Copaline,  Copal  ite,  415. 
Copiapite,  895. 

Copper,  Antimonial  (chalco- 
stibite).  250. 
Arsenical,  284. 
Black    (melaconite), 

267. 
Blue,  411. 
Emerald   (diopta8e)i 

801. 
Gray,  256. 
Indigo,  249. 
Natire,  226. 
Purple,  287. 
Bed,  266. 
Variegated,  287. 
Vitreous,  289. 
Copper  arsenate,  878, 874, 876. 
arsenide,  234. 
arseniteC?),  439. 
carbonate,  411. 
chloride,  200. 
chromate,  886. 
glanoe,  829. 
mica,  876. 
nickel,  242. 
oxide,  266,  267, 
oxychloride,  261,  262. 
phosphate,  878,  874. 
pyrites,  244. 
selenide,  287. 
selenite,  ^2. 
silicate,  801,  888. 
sulph-antimonite,  260, 

254,  255,  257,  428. 
sulph  •  arsenite,    251, 

256,  257,  258. 
sulphate,    890,     894, 

896,  897,  428. 
sulphide,     289,    249; 
287,244. 


Copper  s  u  1  p  h  o  -  bismuthite, 
250,  251,  254. 

tnngstate,  884. 

vanadate,  874. 

yitriol,   v.     Chalcan- 
thite. 
Copper  ore.  Bed,  266. 

Yellow,  241 
Copperas,  804. 
Coprolit^  866. 
Coquimbite,  895. 
Cordierite,  811. 
Comwallite,  874. 
Coronflniite,  4^. 
Corundellite,  868. 
Corundophilite,  868;  424. 
Corundum,  267;  424. 
Corynite,  247. 
Cosalite,  262;  424. 
Coesaite,  864. 
Cossyrite,  424. 
Cotunnite,  261. 
CoTelline,  CoveHite,  249. 
Craigtonite,  424 
Crednerite,  278. 
Crichtonite,  270. 
Crocidolite,  298. 
Crocoite,  C'rocoisite,  886;  424. 
Cronstedtite.  857. 
Crookesite,  285. 
Cryolite,  264;  424. 
CryophyUite,  815. 
Cryptohalite,  264. 
CiTptolite,  864. 
CrYptomoxphite,  882. 
Cuban,  Cubanite,  246. 
Culsagpeelte,  855. 
Cummingtonite,  297. 
Cuprocalcite,  411;  424. 
Cuprite,  266. 
Cupromagnesite,  896. 
Cuproscheelite,  884. 
Cuprotungstite,  884. 
Cuspidine,  424. 
Cyanite,  882;  424. 
Cyanochaicite,  889. 
Cyanotrichite,  897. 
Cymatolitc,  849,  486. 
Cyprusite,  424. 

Damourite,  868. 
Danaite,  248. 
Danalite,  802;  424. 
Danburite,811;  424. 
Datholite.  Datolite,  884 
Daubr^ebte,  242. 
Daubreite,  262. 
Davidsonite,  299. 
Davreuxite,  425. 
Daryne,  Davina,  816. 
Dawsonite,  410;  425. 
Dechenite,  867. 
Degeroite,  864 
Deiessite,  866;  426. 


Delvauxite,  «.  Dufrenite. 
Demidoffite,  889. 
Derbyshire  spar,  «.  Flnonte 
Descloizite,  997;  426. 
Desmine,  846. 
Destinesite,  426. 
Dewalquite,  810. 
Deweyute,  851. 
Diabantachronnyn,  865. 
Diabantite,  866. 
Diaclasite,  291. 
Diadochite,  879. 
Diallage,  Green,  208. 
Diallogite,  Dialogite,  40a 
Diamond,  228;  m 
Dianite,  9.  Columbite. 
Diaphorite,  252. 
Diaspore,  279. 
Dichroite,  811. 
Dickinsonite,  426. 
Dietrichite,  426. 
Dihydrite,  874 
Dimorphite,  282. 
Dinite,  414 
Diopside,  293. 
Dioptase,  801. 
Dipyre,  816. 

Discrasite,  v.  Dyscnudte. 
Disterrite  =  Biandisite. 
Disthene,  882. 
Ditr5yte,  817. 
Dog-Tooth  Spar,  400. 
Dolerophanite,  890. 
Dolomite,  401. 
Domeykite,  284. 
Doppelspath,  899. 
Dopplerite,  415;  426. 
Douglasite,  425. 
Dreelite,  390. 
Dry-bone,  404. 
Dudleyite,  868. 
Dufrenite,  878. 
Dufrenojsite,  261. 
Dumortierite,  426. 
Duporthite,  426. 
Durangite,  870. 
DUrfeldtite,  426. 
Duxite,  416. 
Dysanaljte,  426b 
Dyscraaite,  284. 
Dysluite,  272. 
Dysodile,  416. 
Dysyntribite,  868. 

Earthy  Cobalt,  288. 
Edenite,  297. 
Edingtonite,  841. 
Edwardsite, «.  Monasite. 
Eggonite,  426. 
EhUte,  874 
Eisenbltlthe,  406. 
Eisenbrucite,  422. 
Eisenglanz,  268. 
Eisenglimmer,  269. 
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Eisenkies,  248. 
Eisenkiesel,  v.  Qaart2. 
Eisenrose,  269. 
Eisensinter,  t.  Pitticite. 
Eisenspath,  403. 
Eisspath.  3*26. 
Ekdemitc,  495. 
Ekebergite.  8 16. 
Ekmannite,  854. 
Elaeolite,  816. 
Elaterite,  414. 
Electrum,  221. 
Eleonorite,  426. 
EUoDite,426. 
Elroquite,  426. 
Embolite.  260. 
Embrithite,  t.  Boulangerite. 
Emerald,  209. 
Emerald  nickel,  410. 
Emery,  268. 
Emplectite,  250. 
Enargite,  257. 
Enceladite,  v.  Warwickite. 
Enophite,  486. 
Enstatite,  290. 
Enysite,  397. 
Eosite,  385. 
Eosphorite,  423. 
Ephesito,  854. 
Epiboulangerite,  2&L 
Epidote.  307. 
Epigenite,  258. 
Epistilbite.  847;  426.     [426. 
Epsom  Salt,  Epsomite,  894; 
Erbsenstein,  400. 
Erdkobult,  288. 
ErdOl,  416. 
Erdpech,  416. 
Eremite,  v.  Monazite. 
Erilite,  426. 
Erinite,  874 
Eriochalcite,  426. 
Erubescite,  2;j7. 
Erythrite,  87>. 
Erythrosiderite,  261. 
Erythrozincitc,  426. 
Esmarkite.  858. 
Essonite.  304. 
Ettringite.  395. 
Eucainte,  285. 
Euchroite,  378. 
Euclase.  3a3;  426. 
Eucollte,  299. 
Eucrasite,  426. 
Eucryptite,  426. 
Eudialyte,  Eudyalite,  290. 
Eudnophite,  344. 
Eugen^lanz,  v  Polybasite. 
Eukainte,  v.  Eucainte. 
Euklas,  333. 

Eulytine.  Eulytite,  802?  426. 
Eumanite,  27d. 
Euosmitc,  415. 
Euphyliite,  854 


Eusynchite,  426. 
Euxcnito,  862. 

Fahlcrz,  255. 

Fahlunite,  358. 

Fairfieldito,  420. 

Famatinitei  258. 

Faserquarz,  298. 

Fassaite,  293. 

Faujasite,  314. 

Fauserite,  191. 

Fayalite,  ;;00. 

Feather  ore,  251. 

Federerz,  251. 

Feitsoi,  809. 

Feldspar  Group,  819;  426. 

Felsite,  328,  826. 

Feldspath,  v.  Feldspar. 

Fergusonite,  862;  4-i7. 

Ferroilmenite,  360. 

Perrotellurite,  427. 

Feuerblende,  25i. 

Feuerstein,  287. 

Fibroferrite,  895. 

Fibrolite,  831. 

Fichtelito,  414. 

Fillowite,  427. 

Fiorite,  289. 

Fireblende,  252. 

Flint,  287. 

Float-stone,  2S9. 

Flos  ferri,  405. 

Fluellite,  204. 

Fluocerite,  264 

Fluor-apatite,  365. 

Fluor,  Pluorite,  263;  427. 

Fluor  Spar,  263. 

Flussspath,  263. 

Foliated  tellurium,  tj.  Nagya- 

gite. 
Fontaincbleau  limestone,  400. 
Foresite,  347;  437. 
Forsterite,  300. 
Fowlerite,  294 
Francolite.  365. 
Franklandite.  4*5.7. 
Frank  Unite,  273. 
Fredricite.  438. 
Preibcrgite,  255. 
Freieslebenite.  252. 
Frenzelite,  283. 
Freyalite,  427. 
Friedelite,  802. 
Frieseite,  487. 
Frigidite,  438. 
Fuchsite,  314 

Gadolin,  Gadolinite,  800 :  427. 
;  Gahnite,  272. 
Galena,  Galcnite.  235. 
Galenobismutite,  427. 
Galmei.  339,  404. 
Gkinomalite,  427. 
Garnet,  802;  427. 


Gamierite,  851 ;  427. 
Gastaldite,  298. 
Guanovulitc,  892. 
Gay-Lussitc,  409. 
Gearksutite.  265. 
Gedanite,  435. 
Gehlenite.  331. 
Geierite,  v.  Geyerite. 
Gekr5sstein,  389. 
Gelbbleierz.  384 
Genthite,  351. 
Geoeerite,  414 
Geocronite,  257. 
Geomyricite,  414. 
Gersdorffite,  240. 
Geyerite,  248. 
Geyserite,  283. 
Gibbsite.  282. 
Gieseckite,  852;  817. 
Gigantolite,  858. 
Gilbertite,  858. 
GUlingite,  354 
Ginilsite,  428. 
Girasol,  289. 
Gismondine,Gismondite,  841; 

428. 
Giufite,  432. 

Glanzkobalt,  u.  Cobaltite. 
Glaserite,  v.  Arcanitc. 
Glaserz,  Glanzerz,  t.  Argen- 

tite. 
Glauber  salt,  892. 
Glauberite,  391. 
Glaucodot,  248. 
Glauconite,  849. 
Glaucophane,  298. 
Glimmer,  v.  Mica. 
Globulites,  110. 
Gmelinite,  845. 
Gold,  221. 

Gold  telluride,  248,  249,  480. 
Goldtellur,  v.  Sylvanite. 
Goshenite,  299. 
Goslarite.  395. 
GOthite,  280. 
Grahamite,  416. 
Grammatite,  297. 
Granat.  802. 
Graphic  tellurium,  248. 
Graphite.  280. 

Graukupfererz,  9.  Tennantite. 
Gray  antimony,  282. 

copper,  255. 
Greenockite,  242. 
Greenovite,  335. 
Grenat,  v.  Garnet. 
Grochauite.  357. 
Grossularite,  308. 
Grttnauite,  287. 
Granbleierz,  866. 
Guadalcazante.  241. 
Guanajuatite.  238;  42a 
Guanipite.  438. 
Guano,  365. 
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Guarinite,  836. 
Guejarite,  428. 
Gtimbelitc,  358. 
Gum  mite,  428. 
Gunnisonite,  428. 
Guya(juillite,  415. 
Gymmte,  351. 
Gyps,  v.  Gypsum. 
Gypsum,  392. 
Gyrolite,  338;  428. 

Haarkies,  241;  247. 
Haarsalz,  895. 
Haddamite,  432. 
Hafnefilordite,  328. 
Ha^emannitc,  265. 
Haidingerite,  371. 
Halite,  259. 
HaUite,  855. 
Halloysite.  352;  428. 
Halotrichite,  395. 
Hamartite,  408,  438. 
Hannayite,  428. 
Harmotome,  810. 
Harrisite,  240. 
Hartite,  414. 

Hatchetiite,  Hatchettine,  414. 
Uatchettolite,  428. 
Hauerite,  214. 
Haughtonitc,  431. 
Hausmannite,  277. 
HaQyne,  HaQynite,  818. 
Haydenite,  844. 
Hayesine,  428. 
Haytorite,  385. 
Heavy  spar,  387. 
Hebronite,  870;  420. 
Hedenbergite,  293. 
Hedyphane,  867;  428. 
Heldburgite,  42^. 
Heliotrope,  286. 
Helvin.  Helvite,  802;  428. 
Hematite,  263. 

Brown,  280. 
Henwoodite,  878. 
Hercynite,  2TO. 
Herderite,  370. 
Hennannolite,  361. 
Herrengrundlte,  423. 
Herschelite,  344. 
Hessite,  288;  429. 
Hessonite,  v.  Essonite. 
HetsBrolite,  Hetairite,  429. 
Heteromorphite,  v.  Jameson- 

ite. 
Heubachite,  429. 
Heulandite,  847;  429. 
Hexagonite.  298. 
Hibbertite,  429. 
Hiddenlte,  436. 
Hielmite,  361. 
Hieratite,  429. 
Highgate  resin,  415. 
Hiaingerite,  854. 


Hcemesite,  871. 
Hofmannite,  4o5. 
Holzqpal,  v.  Wood  Opal. 
Holz  Zinn,  273. 
Homilite,  429. 

Honey-stone,  Honigstein,  412. 
Hopeite,  429. 
Horbachite.  241. 
Hornblende,  296. 
Horn  silyer,  260. 
Homstone,  287. 
Horse-flesh  ore,  v.  Bomite 
Hortonolite,  800. 
Houghite,  282. 
Hovite,  410. 
Howlite,  882. 
Hoantajayite,  259. 
Habnente,  383;  429. 
Hullite,  425. 
Humboldtine,  412. 
Humboldtilite,  800. 
Humboldtite,  884. 
Huminite,  4^6, 
Humite,  327,  828, 42?}. 
Huntilite.  429. 
Hureaulite,  872. 
Huronite,  353. 
Hyacinth,  304,  805. 
Hyalite,  289. 
Hyalophane.  822. 
Hyalosiderite,  300. 
Hyalotekite,  429. 
HydrargiiUte,  282. 
HydrargjTite,  267. 
Hydraulic  limestone,  400. 
Hydrobiotite.  436. 
Hydrocastorite,  433. 
Hydrocerussitd,  429. 
Hydrocuprite,  266. 
Hydrocyanite,  390. 
Hydrodolomite,  410. 
Hydrofluorite,  264. 
Hydrofranklinite,  429. 
Hydroilmenite.  431. 
Hydromagnesite,  409. 
Hydro-mica  Group,  353. 
Hydrophilite,  429. 
Hydrophite,  851. 
Hydrorhodonite,  429. 
Hydrotalcite.  282. 
Hydrotitanite,  271. 
Hydrozincite,  410. 
Hygrophilite,  853. 
Hypargyrite,  250. 
Hypei-stnene,  290. 
Hypochlorite,  302. 

Ice  spar,  326. 
Iceland  spar,  899. 
Idocrase,  205. 
Idrialine,  Idrialite,  814. 
Ihlelte,  895. 
Ilesite,  429. 
Ilmenite,  269. 


!  ILsemannito,  284. 
llvaite,  809. 
Indianaite,  428. 
Indianite,  821. 
Indicolite,  830. 
lodargyrlte,  2i)0. 
lodobromite,  429. 
lodsilber,  260. 
lodyrite,  260. 
lolite,  311. 
lonite,  435. 
Iridosmine,  224. 
Iron,  Arsenical,  247. 

Magnetic,  241, 272. 

Meteoric,  226. 

NaUve,  226,  429. 

Oligist  (hematite),  268. 
Iron  aluminate,  272. 

arsenate,  375,  876. 

arsenide,  247,  248. 

borate,  880. 

boro-sUicate,  429. 

carbonate,  403. 

chloride,  261. 

columbate,  860. 

oxalate,  412. 

oxide,    268,    272,    279, 
280. 

phosphate,  369, 371,  372, 
378,  426,  457. 

silicate.  800,  354. 

sulphate,  895. 

sulphide,  241,  243,  247. 

sulph-antimonite,  251. 

tantalate,  859. 

tellurate(?)427. 

tungstate,  383. 
Iron  pyrites,  243. 

White,  247. 
Ironstone,    Clay,    269,     281, 

403. 
Iserine,  Iserite,  270. 
Isoclasite,  373. 
Itacolumyte,  229. 
Ivigtite,  854. 
Ixcuyte,  414 

Jacobsite,  272. 
Jade,  Common,  297. 
Jadeite,  409. 
Jamesonite,  251;  490. 
Jargon,  805. 
Jarosite,  430. 
Jasper,  287. 
Jauling[ite,  415. 
Jefferisite,  355. 
Jefferson  ite,  298. 
Jenkinsite,  351. 
Jet,  418. 
Johannite,  897. 
Jollvte,  354. 
Joroanite,  251. 
Joseite,  288. 
Julianite,  256. 
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N.  B.— Many  names  tpclt  with  an 
hiitial  K  iu  German,  begin  with  C 
in  Bullish. 

Kalait.  877. 
Kali^limmer,  313. 
Kalinite,  895. 
Kalk-Harmotome,  v.  Phillips- 

ito. 
Kalk-uisnit,  879. 
Kall&spath,  898. 
Kalk-volborthit,  874. 
Kallait,  377. 
Kaluszite,  894. 
Kftminererite,  855. 
Kaiumkies,  247. 
Kaolin.  Kaolinite,  851. 
Kazeilnite,  284. 
Karyinite.  423. 
Katzenauge,  286. 
Keatingine,  295. 
KeiUiauite,  886. 
Kelyphitc.  486. 
Kenngottite,  250. 
Kentrolitc,  480. 
Kerargyritft,  260. 
Kermes.  Kermesite,  284. 
Kerolith,  v.  Cerolite. 
Kerrite,  855. 
Kiesel.  v.  Quartz. 
Kieselkupfcr,  888. 
Kiesel wismuth,  803. 
Kieselzinkerz,  339. 
Kieseritc,  39^ 
KilUnite,  853,  486. 
Kischtimite,  408. 
Kierulflne,  868. 
KJaprotholite,251. 
Klinochlor,  856. 
Knebcaite,  800. 
Kobaltblltho,  372. 
Kobaltglanz.  246. 
Kobaltkies.  e.  Linnaeite 
Kobaltnickelkies,  245. 
KobclUte,  254. 
Kocheiite,  868. 
Kochsalz,  259. 
K^flachite.  485. 
Kohle,  f>.  CoaL 
Kokkoiit.  V.  Goccolite. 
Kongsbergite,  225. 
KOniginc,  896. 
Kanlite,  414. 
Koppitc,  859. 
Korarfveite,  368. 
Kattigite,  872. 
Korund,  v.  Comndum. 
Kotschubeite,  857. 
Koupholite,  840. 
Krantzite.  415. 
Kreittonite,  272. 
Kremersite,  261. 
Krennerite,  480. 
Krisavigite,  897. 


Krankite,  897. 
Krus^ite,  434. 
Kupierantimonglanz,  250. 
Kupferbleispath,  896. 
Kupferglanz,  239. 
Kupfer^limmer,  375. 
Kupfenndig,  249. 
Kupferkies,  244. 
Kupferlasur,  411. 
Kupfernickel.  242. 
Kupfersammterz,  897. 
Kupferschaum,  874. 
Kupferschwarze,  267. 
Kupfferite,  290. 
Kupfer-uranit,  378. 
Kupfer-vitriol,  394. 
Kupferwismuthglanz,  253. 
Kyanite,  332. 

Labradorite,  821. 
Labrador  feldspar,  321. 
Lagonite,  882. 
Lampadite,  283. 
Lanarkite,  891. 
Liaugitc,  897. 
Lanthanite,  410. 
Lapis-lazuli,  418. 
Lardcrellite,  882. 
Lasurstcin,  418. 
Latrobite,  v.  Anorthitc. 
Jjaumonite,  Laumontite,  88S. 
Laurite,  247. 
Lautite,  430. 
Lawrcneite,  480. 
Laxmannite,  886. 
Lazulite.  875. 
Lead,  Argentiferous,  288. 
Black  (graphite),  280. 
Corneous  (phosgenite), 

408. 
Native,  226. 
Leadantimonato,  870,  879. 

arsenate.  SUO. 

arsenio-molybdate,  885. 

carbonate,  407. 

chloride,  261. 

chloro-carbonatc,  408. 

chromate,  385,  886. 

molybdate.  384. 

oxichloride,  262. 

oxide.  267.  277. 

phosphate,  366. 

selenide.  236. 

selenite,  432. 

sUicate,  437,  429,   480, 
431. 

sulphate.  889,  890,  891. 

sulphato-carbonate,  Bdl. 

sulphide,  285. 

Bulpharsenite,  250,  251. 

sulphantimonite,      250, 
251,  253,  254. 

solpho-bismuthite,  252, 
4*1,427. 


Lead  telluride,  287.  249. 
tungstate,  88  i. 
vanadate.  867;  874,426. 

Leadhillite,  890 ;  480. 

Leberkies,  v,  Marcasite. 

Lecontite,  892. 

Ledererite.  845. 

Lederite.  886. 

Lehrbaohite,  287. 

Leidyite,  430. 

Lennilite,  436. 

Leopoldite,  260. 

Lepidoiite,  814 

Ijepidomelane,  318. 

Lepidophsite,  440. 

Lemilite,  486. 

Lesleyite,  854. 

Lettsomite,  897. 

Leucaugitc^  298. 

Leuchtenbergite,  857. 

Leucite,  818;  480. 

Leucochalcite,  430. 

Leucomanganite,  426. 

Jjeucopetrite,  315. 

Leucophanite,  800;  480. 

Leucopyrite,  248. 

Leucotile,  480. 

Leviglianite,  241. 

Levyne,  Levynite,  843. 

Lherzolyte,  271. 

Libethenite,  878;  430. 

Liebi^ite,  412. 

Lievnte,  800. 

Lignite,  418. 

Ligurite,  836. 

Limbachite,  851. 

Lime  =  Calcium    oxide,    t% 

Calcium. 
Limestone,  400,  4G1 
Limonite,  280. 

Linarite,  896. 
Linnaeite,  245. 
Linsenerz,  874. 
Lintonite,  488. 
Lionite,  487. 
Liroeonite,  874. 
Liskeardite,  480. 
Lithionglimmer,  814. 
Lithiophilite,  488. 
Lithographic  Stone,  400. 
Lithomarge,  852. 
Livingstonite,  282;  480. 
Loganite,  856. 
Ldllingite,  248. 
Louisite,  430. 
L5weitc,  894. 
Lawigite,  896. 
Loxoclase,  826. 
Luckite,  431. 
Ludlaraite,  872. 
Ludwigite,  380. 
LQncburgite,  883. 
Luzonite,  258. 
Lydian  stone,  287. 
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Macfarlanite,  490. 
Macle,  381. 
Maconite,  355. 

Magnesia  =  Magnesium  ox- 
ide, V.  Magnesium. 
Magnesioferrite,  273. 
Magnesite,  402. 
Magnesium  aluminate,  271. 

arsenate,  371. 

borate,  380,  381. 

carbonate,      402, 
409. 

chloride,  200,261, 
423. 

fluoride,  264. 

fluo  -  phosphate, 
868. 

fluo-silicate,  327. 

hydrate,  281. 

nitrate,  379. 

oxide,  267. 

phosphate,  368, 
432. 

silicate,  290,  800, 
348,  349,  350. 

sulphate,  394. 
Magneteisenstem,  272. 
Magnetic  iron  ore,  272. 
Magnetic  pyrites,  241. 
Magnetite,  272. 
Magnetkies,  241. 
Magnoferrite,  273. 
Magnolite,  430. 
Mahichite,  Blue,  411. 

Green,  411. 
Malacolite,  293. 
Maldonite,  221. 
Malinowskite,  256. 
M&llardite,  431. 
Manganapatite,  420. 
Manganbiende,  v,  Alabandite. 
Manganbrucite,  422. 
Manganepidot,  308. 
Manganese  borate,  380. 

carbonate,  403. 

columbate,  423. 

oxide,  277,  278, 
280,  282,  283, 
431. 

phosphate,  369, 
435,  439. 

silicate,  294,  800, 
SOI. 

sulphide.  287, 244. 

sulphate,  431, 437. 

tantalate,  359, 
487. 

tungstate,  883. 
Mangan|^lanz,  287. 
Manganite,  280. 
Manganocalcite,  406. 
Manganophyllite,  812. 
Manganosiderite,  435. 
Manganosite,  481. 
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Manganspath,  403. 
MangantantaUte,  437. 
Marble,  400. 

Verd-antique,  850. 
Maicasite,  247. 
Margarite,  857. 
Margarites,  110. 
Margarodite,  358;  314. 
Margarophvllites,  848,  et  aeq, 
Marialite,  816. 
Marionite.  410. 
Marmairolite,  481. 
Marmatite,  238. 
Marmolite,  350. 
Martite,  269. 

Mascagnine,  Mascagnite,  892. 
Maskelynite,  822. 
Masonite,  358. 
Massicot,  267. 
Matlockite,  262. 
Matricite,  481. 
Maxite,  891. 
Medjidite,  897. 
Meerschaum,  349. 
Me^basite,  :{83. 
Meionite,  815. 
Melaconite,  ^7. 
Melanglanz,  v.  Stephanite. 
Melanite,  304. 
Melanochroite,  886. 
Melanophlo^ite,  289. 
Melanosidente,  281. 
Melanotekite,  481. 
Melanothallite,  431. 
Melanterite,  895;  431. 
Melilite,  Mellilite,  306. 
Melinophane,  300. 
Meliphanite,  800;  481. 
Mellite,  412. 
Melonito.  249. 
Menaccanite.  269,  481. 
Mendipite.  262. 
Mendozite,  895. 
Mene^hinite,  256. 
Mengite,  36'i. 
Mennige,  277. 
Meroxene,  431. 
Mercury,  Native,  224. 
Mercury  chloride,  260. 

iodide,  260. 

selenide,  237. 

sulphide,  240,  241. 

telhiride,  423. 

tellurate,  430. 

sulph  -antimonite, 
2;^2. 
Mesitine,  Mesitite,  4I0S, 
Mesolite,  348. 
Mesotype,  342. 
Metabrushite,  371. 
Metacinnabarlte,  241. 
Metaxite,  851. 
Meymacite,  284. 
Miargyrite,  249. 


\ 


),  8ll;48i. 


Mica  Group, 
Michaelsonite,  808. 
Microcline,  326. 
Microlite,  859;  431. 
MicrophyIlltes,Microplakites, 

822. 
Microsommite,  817. 
Middletonite,  415. 
Mikroklin,  v,  Microcline. 
Milarite,  482. 
Milleritc,  241. 

Mimetene,  Miraetite,  866;432l 
Mimetese,  Mimetesite,  366. 
Mineral  coal,  417. 

oil,  413. 

pitch,  416. 

tar,  413. 
Minium,  277. 
Mirabilite,  392. 
Mispickel,  247. 
Misy,  395. 
Mixite,  482. 
Mizzonite,  816. 
Molybdftnglanz,  238. 
Molybd&nocker,  284. 
Molybdenite,  283;  482. 
Molybdenum  oxide,  284. 

sulphide,  388 
Molybdite,  284. 
Molybdomenite,  482. 
Molysite,  261. 
Monazite,  868:  432. 
Mondstein,  v.  Moonstone. 
Monetite,  482. 
Monimolite,  870. 
Monite,  4:^2. 
Monrolite,  882. 
Montanite,  897. 
Montebrasite,  870;  420. 
Monticellite,  800. 
Montmartite,  v.  Gypsum. 
Montmorillonite,  3&. 
Moonstone,  828,  824,  125. 
Mordenite,  482. 
Morenosite,  395. 
Moroxite,  365. 
Mosandrite,  809. 
Mottramite,  874. 
Mountain  cork,  297. 

leather,  297. 
Muckite,  485. 
Muromontite,  808. 
Muscovite,  313. 
Miisenite,  v.  Siegenite. 

Kadeleisenstein,  280. 
Nadelerz,  254. 
Nadelzeolith,  842. 
Nadorite.  370. 
Nagyagite,  249;  482. 
Namaaualite,  282. 
Nantokite,  260. 
Naphtha,  418. 
Naphthaline,  414. 
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Natrolite,  342;  483. 
Natron,  409. 
Natronborocalcite,  881. 
Naumannite.  285. 
Needle  ore,  v.  Aikinite. 
Xemalite,  282. 
Neochrysolite,  423. 
Xeoeyanite,  482. 
Neotocite»  854. 
Nepheline,  Nephellte,  816. 
Nephrite,  297,  432. 
Neudorate,  485. 
Newberyite,  483. 
Newjanskite,  224. 
Newport!  te,  858. 
Niccolite,  242. 
Nickel  antimonide,  243,  247. 

arsenate,  872. 

arsenide.  242:  246. 

carbonate,  410. 

oxide,  267. 

silicate,  a51,  427. 

sulphate,  895. 

sulphide,  241. 

telluride,  249. 
Nickel  glance,  t*.  Gersdorffite. 
Nickelarsenikerlanz,  246. 
Nickelarsenikkies,  246. 
Nickelbluthe,  372. 
Nickel-Gym  nite,  851. 
Nickeikies,  241. 
Nickelsmaragd,  410. 
Niobit€.  860. 
Nitre.  379. 
Nitrobarite,  488. 
Nitrocalcite,  879. 
Nitroglauberite,  879. 
Nitromagnesite,  879. 
Nocerine,  Nocerite,  488. 
Nohlite,  362. 
Nontronit<?,  850. 
Nosean,  Nosite,  818. 
Nounieaite,  Noumeite,  851. 
Nuttalite,  v.  Wemerite. 

Ochre,  red,  269. 
Octahedrite,  277;  488. 
CEllacherite,  ;154 
Okenite,  838. 
Oldhamite,  285. 
Oligoclase,  8*23. 
Olivenite,  378. 
Olivine,  300. 
Onofrite,  488. 
Ontariolitc,  435. 
Onyx,  287. 
051it«,  400. 
Opal,  288. 
Ophioiite,  850,  402. 
Orangite.  840. 
Orpiment,  281 ;  488. 
Orthite,  308;  433. 
Orthoclase,  325;  488. 
Oryzite,  429. 


Osmiridium,  224. 

Osteolite,  365. 

Ottrelite,  858;  433. 

Ouvarovite,  304. 

Owenite,  858. 

Oxammite,  483. 

Ozarkite,  342. 

Ozocerite,  Ozokerit,  414 ;  438. 

Pachnolite.  265;  488. 
Pagodite,  849,  852. 
Palsbergite,  294. 
Palagonite,  858. 
Palladium,  Native,  224. 
Pandermite,  434. 
Parachlorite,  436. 
Paraffin,  413. 
Paragonite,  854. 
Parankerite,  ^)2. 
Paranthite,  816. 
Parasite,  v.  Boracite. 
Parastilbite,  426. 
Parathorite,  840. 
Pargasite.  297. 
Parisile,  408. 
Pamphite.  358. 
Pattersonite,  858. 
Pealite,  289. 

Pearl- mica,  v.  Margarite. 
Pearl-spar,  401. 
Pechkohle,  417. 
Pechopal,  289. 
Peckhamite,  433. 
Pectolite,  837;  433. 
Peganite,  878. 
Pegmatolite,  v.  Orthoclase. 
Pelagite,  438. 
Pelhamite,  855. 
Pencatite,  410. 
Pennine,  Peuninlte,  C55. 
Penwithite,  483. 
Percylite,  262. 
Periclase.  Peridasite,  267. 
Peridot,  800,  380. 
Perikline,  Periklin,  824 
Peristerite,  824. 
Perlglimmer,  857. 
Perthite,  826. 
Perofskite,  270;  488. 
Perowskit,  270. 
Petalite,  295;  488. 
Petroleum,  418. 
Petzite,  2.M9. 
Phacolite,  844. 
Phieactinite,  420. 
Pharmacol  ite,  370. 
Pharmacosiderite,  376;  433. 
Phenacite,     Phenakit;     801 ; 

433. 
Phcngite,  431. 
Philadelphite,  489. 
Phillipite,  897. 
Phillipsite,  845;  438. 
Phlogopite,  812. 


Phcenicochroite,  886. 
Pholerite,  852. 
Phosgenite,  408. 
Phosphocerite,  804. 
Phosphochalcite,  874 
Phosphochromite,  886. 
Phosphorite,  365. 
Phosphuranylite,  434 
Phyllite,  368. 
Physalite,  888. 
Phytocollite,  42o. 
Piauzite,  416. 
Picite,  434. 

Pickeringite,  895 ;  434 
Picotite,  271. 
Picranalcite,  420. 
Picroallumogene,  434. 
Picrolite,  351. 
Picromerite,  894. 
Picropharmaoolite,  871. 
Pictite,  886. 
Piedmontite,  803. 
Pihlite,  849. 
Pibrite.  423. 
PUinite,  844. 
,  Pilolite,  484. 
Pimelite,  851. 
Pinite.  852. 
Pisanite,  895. 
Pisolite,  400. 
Pistacite,  Pistazit,  807. 
Pistomesite,  408. 
Pitchblende,  274. 
Pittasphalt.  418. 
Pitticite,  Pittizit,  379. 
Plagiocitrite,  434 
Plagioclase,  819. 
Plagionite,  251. 
Plasma,  286. 
Plaster  of  Paris,  S98. 
Platinum,  Native.  238;  484. 
Platiniridium,  224. 
Pleonaste,  v.  Spinel. 
Plumbago,  280. 
Plumballophane,  341. 
Plumbogummite,  377. 
Plumbomanganite,  4:J4. 
Plumbostannite.  434. 
Plumbostib,  v.  Boulangerite. 
Polianite.  278. 
Pollucite,  Pollux,  299. 
Polyaigite,  858. 
Polyargyrite,  257. 
Polybasite,  257. 
Polycrase,  862. 
Polychroilite,  858. 
Polydymite,  484. 
Polyhalite,  898;  484 
Polymignite,  882. 
Poonahlite,848. 
Porcellophite,  851. 
Poflepnyte,  435. 
Potassium  chloride,  260. 

chromate  (?),  487. 
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Potassium  nitrate,  879. 

silicate,  813,  825. 
sulptiate,  880. 
Potash  =  Potassium    oxide, 

V,  Potassium. 
Prase,  286. 
Prasine,  874. 
Praseolite,  853. 
Predazzite,  410. 
Pregattite,  854. 
Prehnite,  840. 
Prioeite,  882;  484. 
Prochlorite,  857. 
Proidonite,  264. 
Prosopite,  265. 
Protobastite,  290. 
Protochlorite.  486. 
Protovermiculit©,  489. 
Proustite,  253. 
Prussian  blue,  Native,  872. 
Przibramite,  2i^8,  28u. 
Pseudobrookite,  434. 
Pseudocotunnite,  261. 
PseudomalHchite,  374. 
Pseudonatrolitc,  434. 
Pseudophite,  856. 
Psilomelane,  2^2;  434. 
Psittacinite,  874. 
Pucherite,  867. 
Purple  copper,  287. 
Pycnite,  v.  Topaz. 
Pyrallolit«,  848. 
Pyrargillite,  853. 
Pyragyrite,  252. 
Pyreneite,  804. 
Pyrgom,  293 ;  434. 
Pyrite,  248. 
Pyrites,  Arsenical,  247. 

Auriferous,  220. 

Capillary.  241. 

Cockscomb,  247. 

Copper,  244. 

Iron,  248. 

Magnetic,  241. 

Radiated,  247. 

Spear,  247. 

White  iron,  247. 
Pyrochlore,  359. 
Pyrochroite,  282. 
Pyroconite,  265. 
Pyrolusite,  278;  434. 
Pyromorphite,  866. 
Pyrope,  808. 
Pyrophosphorite,  484. 
Pyrophyllite,  349. 
Pyropi&site,  414. 
Pyroretinite,  415. 
Pyropclerite,  355. 
Pyrosmalite,  840. 
Pyrostilpiiite,  252. 
Pyroxene,  292. 
Pyrrhite,  869. 
Pyrrhosiderite,  280. 
PyrrhoUto,  241 ;  434. 


Quartz,  284;  484. 
Quecksilberbranderz,  414. 
Quecksilberhomprz,  260. 
QuicksilYer,  224. 

Rfidelerz,  258. 
Radiated  Pyrites,  247. 
Raimondite,  895. 
Ralstonite,  265,  435. 
Randite,  48). 
Ratofkite,  268. 
Rauite,  842. 
Raumite,  853. 
Realgar,  281. 
Red  copper  ore,  266. 

hematite,  209. 

iron  ore,  269. 

ochre,  269. 

silver  ore,  252,  258. 

zinc  ore,  266. 
Reddingite,  435. 
Refdanskite,  351. 
Reichardtitc,  426. 
Reinite,  4  5. 
Reissitc.  426. 
Remingtonite,  410. 
Rensselaerite,  848. 
Resanite,  889. 
Resin,  Mineral,  415,  485. 
Restormelite,  353. 
Ketinalite,  851. 
Retinite,  415. 
Reussinite,  415. 
Rhabdophane,  485. 
Rhtetizite,  832. 


Rhagite,  877. 
Rhoaizite,  485. 


Rhodochrosite,  408;  485. 
Rhodonite,  294. 
Rhomb-spar,  401. 
Rhyacolite,  826. 
Rionite,  256. 
Ripidolite,  356. 
Rittingeritc.  252. 
Rivotite,  870. 
Rock  cork,  v.  Hornblende. 

crystal,  286. 

meal,  401. 

milk,  400. 

salt,  259. 
Roemerite,  895. 
Roepperite,  800. 
Rcesslente,  871. 
Rogenstein,  400. 
Rogersite,  485. 
Romeine,  !Bomeite,  870. 
Roscoelite,  867;  435 
Rose  quartz,  286. 
Roselite,  872;  435. 
Rosterite,  420. 
Rosthomite,  415. 
Rosite,  858. 
Rothbleierz,  885. 
Rotheisenerz,  268. 


RothgHltigerz,  252,  258. 
Rothkupfererz,  266. 
Rothnickelkies,  242. 
Rothoffite,  808. 
Rothzinkerz,  266. 
Rubellite,  880. 
Rubislite,  485. 
Ruby,  Spinel,  Almandme,271 

Oriental,  268. 
Ruby-blende,  v,  Pyrargyrite. 
Ruby  silver.  252, 253. 
Rutherfordite,  862. 
Rutile.  276 ;  435. 
Ryacolite,  v,  Rhyacolite. 

Sahlite,  293. 
Sal  ammoniac,  260. 
Salmiak.  260. 
Salt,  Common,  259. 
Samarskite,  861;  485. 
Sammetblende,  280. 
Sanidin,  8*25. 
Saponite,  852. 
Sapphire.  268;  880. 
Sarawakite,  435. 
Sarcolite,  316. 
Sarcopside,  869. 
Sard,  287. 
Sardonyx,  287. 
Sartorite,  250. 
Sassolite,  Sassolin,  880. 
Satin-sfiar,  893,  400,  405. 
Saussurite,  309. 
Savite,  v.  Natrolite. 
Scapolite  Group,  815;  485. 
Schaumspath,  400. 
Scheetite,  884. 
Scheereite,  418, 
Schieferspath,  400. 
Schilfglaserz,  252. 
Schiller-spar,  851. 
Schirmente,  251. 
Schmirgel,  208. 
Schneebergite,  48'). 
Schorlomite,  837;  485. 
Schraufite.  415. 
Schreibersite,  242. 
Schrifterz,  SohrifUellur,  2^8 
SchrCckinfferite,  412. 
Schucharotite,  436. 
Schuppenstein,  415. 
Schwartzembergite,  262. 
Schwarzkupfererz,  267. 
Schwatzite,  255. 
Schwefelkies,  248. 
Schwers()ath,  887. 
Scleretinite,  415. 
Scleroclase,  250. 
Scolecite,  Scolezite,  848. 
Soorodite,  875. 
Seebachite,  844. 
Selenblei,  286. 
Selenite,  898. 
Selenquecksilber,  23t 
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SeUaite,  264. 
S^ra^line,  335. 
Semseylte,  436. 
Senarmontite,  284;  436. 
Sepiolite,  849;  436. 
Serpeatine,  350;  486. 
Serpierite,  436. 
Seybertite.  358. 
Shepardite,  242. 
Siderazot,  436. 
Siderite,  403. 
Sideronatrite,  436. 
Sideroph^llite,  481. 
Siegburgite,  415. 
Siegenite,  245. 
Silaonite,  233:  428. 
Silberamalgam,  225. 
Silberglanz,  2:J5. 
Silberhomerz,  260. 
Silberkupferglanz,  240. 
Silberwismuthglanz,  420. 
Silex.  v.  Quartz. 
Silicifled  wood,  286. 
Siliceous  sinter,  287,  289. 
Siliclophlte,  486. 
Silicolx)rocalcite,  382. 
Silllmanite,  331. 
Silver,  223. 

Antimonial,  234. 
Bismuth,  420. 
Horn.  260. 
Native,  223. 
Ruby,  252. 253. 
Vitreous,  235. 
Silver  antimonide,  234 

chloride,  260. 

bromide,  260. 

iodide,  260. 

selenide,  235. 

sulph-antimonite,  250, 
252,  256.  257. 

sulph-arsenite,  253. 

sulphide,  235, 239. 

sul  pho-bismuthit6,420. 

teliuride.288;248,437 
Silver  glance,  235. 
Simonyite.  394. 
Sinter,  Siliceous,  2S7,  289. 
SipyJite,  436. 
Sismondine,  358. 
Sisserskite,  224. 
Skapolith,  v.Scapolite. 
Skleroklas,  v.  Sartorite. 
Skolezit,  V,  Scoleclte. 
Skutterudite,  246. 
Smaltine,  Smaltite,  245;  436. 
Smaragdite,  297. 
Smectite.  349. 
Smithsonite,  404. 
Soapstone,  348. 
Soda  =  Sodium  oxide,  v.  So- 
dium. 
Soda  nitre,  381. 
Sodalite,  317. 


Sodium  borate.  881. 

carbonate,  408,  409. 

chloride,  259. 

fluoride.  264. 

nitrate,  379. 

silicate.  323,  342. 

sulphate,    390,    891. 
392. 
Sommite,  316. 
Sonnenstein,  v.  Sunstone. 
Sonomaite,  434 
Spareelstein,  365. 
Spathic  iron,  403. 
Spathiopyrite,  246. 
Spear  pyrites,  247. 
Speckstein.  348,  352. 
Specular  iron,  268. 
Speerkies,  247. 
Spessartite,  304. 
Speiskobalt,  245. 
Sphaerocobaltite,  486. 
SphaBrosiderite,  403. 
SphaBrostilbite,  346. 
Sphalerite,  237;  436. 
Sphene,  335. 
Spiauterite,  242. 
Spinel.  271. 
Spinth^re,  335. 
Spodiosite,  ^6. 
Spodumene.  295;  436. 
SprOdglaserz,  256. 
Sprudelstein,  405. 
Staffelite,  v.  Phosphorite. 
Stalactite,  400. 
Stalagmite,  400. 
Stanekite,  415. 
Stannite.  245. 
Staurolite,    Staurotide,    836 ; 

487. 
Steatite',  348. 
Steeleite,  432. 
Steinkohle,  417. 
Steinmark,  852. 
SteinOl.  413. 
Steinsalz,  259. 
Stephanite,  256. 
Sterlingite,  354. 
Sternbergite.240;  437. 
Stibianite,  487. 
Stibiconite,  487. 
Stibioferrite,  870. 
Stibnite,  232;  487. 
Stilbite,  346,  437 ;  847. 
Stilpnomelane,  849. 
Stolzite,  384. 
Strahlerz,  374 
Strahlkies,  247. 
Strahlstein.  297. 
Strahlzeolith.  v.  Stilbite. 
Strengite,  437. 
Strigovite,  357. 
Stromeyerite,  240. 
Strontianite,  406;  487. 
Strontium  carbonate,  406. 


Strontium  sulphate,  888. 
Stnivite,  371. 
Stttzite,  437. 

Stylotyp,  Stylotypite,  254 
Subdelessite,  425. 
Succinellite,  415. 
Succinite,  415. 
Sulphur,  Native,  228. 
Sunstone,  323,  825. 
Susannite,  391. 
Sussexite,  380. 
Sylvanite,  243: 
Sylvine,  Sylvite,  260. 
Syngenite,  394 
Szaboite,  437. 
Szaibelyite,  380. 
Szmikite,  437. 

Tabergite,  356. 
Tabular  spar,  291. 
Tachhydrite,  261. 
Tafelspath,  291. 
Tagilite,  873. 
Talc,  348. 
Talktriplite.  437. 
Tallingite,  262. 
Tantafite,  359;  437. 
Tapalpite,  289. 
Tapiolite,  361. 
Tarapac^iite,  437. 
Tasmanite,  415. 
Taznite,  437. 
Tellur,  Gediegen,  227. 
Tellurite.  437. 
Tellurium.  Bismuthic,  288. 

Foliated,  249. 

Graphic,  248. 

Native,  227;  487. 
Tellurium  oxide,  487. 
Tellursilber,  238. 
Tellurwismuth,  233. 
Tengerite,  410. 
Tennantite,  256;  438. 
Tenorite.  267;  488. 
Tephroite,  800. 
Tequesquite,  438. 
Tequixguitl,  488. 
Tesseralkies,  246. 
Tetradymite,  233. 
Tetrahedrite,  255;  488. 
Thaumasite,  438. 
Thenardite,  390;  438. 
Thinolite,  438. 
Thomsenolite,  265 ;  43a 
Thomsonite,  342;  438. 
Thorite,  340;  438. 
Thulite.  809. 
Thuringite,  358. 
Tiemannite,  237. 
Tile  ore,  266. 
Tin,  Native,  226. 
Tin  ore.  Tin  stone,  275. 
oxide.  275. 
pyrites,  v.  Stannite. 
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Tin  sulphide,  245. 
Tinkal.  881. 
Titaneisen,  269. 
Titanic  iron,  269. 
Titanite,  335;  438. 
Titanium  oxide,  270;  276, 277. 
Titanolivine,  423. 
Titanomorphite,  438. 
Tiza,  v»  Ulexite. 
Tobermorite,  428. 
Tocornalite,  260. 
Topaz,  332 ;  438. 

False.  286. 
Topazolite,  304. 
Torbanite.  415,  418;  488. 
Torbernite.  Torberite,  378. 
Totaigite.  436. 
Tourmaline,  329,  438. 
Travertine,  400. 
Treraolite,  297. 
Trichite,  110. 
Triclasite.  353. 
Tridymite,  288;  439. 
Triphylite,   Triphyline,  869; 

439. 
Triplite,  369. 
Triploidite,  439. 
Tripolite.  289. 
Trippkeite,  439. 
Tritochorite,  426. 
Tritomite,  340. 
TrOgerite.  379. 
TroUite,  242. 
Trona.  408. 
Troostite,  301. 
Tscheffkinite,  386. 
Tschermakite,  323. 
Tschermigite,  395. 
Tufa,  Calcareous,  400. 
Tungsten  oxide,  284. 
Tungstite,  284. 
Turgite.  379. 
Turmalin.  329. 
Tumerite,  368,  482. 
Turquois,  377. 
Tyrite,  362. 
Tyrolite,  374. 
Tysonite,  439. 

Ulexite,  381. 
UUmannite,  247. 
Ultramarine,  318. 
Unionite,  809. 
Uraconise,  Uraconite,  397. 
Uranglimmer,  878,  379 ;  439. 
Uramn,  Uraninite,  274. 
Uranite,  378,  379. 
UrcJiium  arsenate.  879. 

carbonate,  412,439. 

oxide,  274. 

phosphate,  378, 879, 

silicate,  841. 
sulphate,  897. 


Urankalk,  412. 
Uranmica.  878,  879. 
Uranochalcite,  ^7. 
Uranocircite,  439. 
Uranophane,  341. 
Uranospinite,  379. 
Uranotantalite.  361. 
Uranothallite.  439. 
Uranothorito,  488. 
Uranotile,  841 :  489. 
Uranpecherz,  274. 
Urao,  409. 
Urpethite,  418. 
Urusite,  486. 
UrvSlgyite,  428. 
Uwarowit,  304. 

Vaalite,  355. 
Valentinite,  284. 
Vanadinite,  367;  489. 
Variscite,  439. 
Vauqueline,  Vauquelinite, 

386. 
Venasquite,  433. 
Venerite,  439. 
Verd-antique,  350. 
Vermiculite,  855 ;  489. 
Vesbine,  439. 
Vesuvianite,  305,  440. 
Veszelyite,  378,  440. 
Victonte,  290. 
Vietinghofite.  435. 
Villarsite,  840. 
Vitreous  copper,  289. 

silver,  235. 
Vitriol.  Blue,  394. 
Vivianite,  371. 
Voglianite,  397. 
Voglite,  412. 
Vttlknerite,  282. 
Volborthite,  874 
Voltaite,  895. 
Vorhauserite,  851. 
Vreckite,  422. 
Vulpinite,  889. 

Wad,  288,  440. 
Wagnerite.  868:  440. 
Walchowite.  415. 
Walkerite,  438. 
Walpur^ite,  879,  440. 
Waluewite,  440. 
Wapplerite,  371. 
Warringtonite,  896. 
Warwickite,  882. 
Wattevillite,  440. 
Wavollite,  876. 
Websterite.  r.  Aluminite. 
Wehrlite,  288. 
Weissbleierz,  407. 
Weissite,  853. 
Weisspiessglaserz,  284. 
Wemerite,  816. 


Werthemanite.  896. 
Westanite,  382. 
Wheelerite,  415. 
Wheel-ore.  253. 
Whewellite,  412. 
Whitneyite,  235. 
Wiehtine,  Wichtisite,  299. 
Willcoxite,  358. 
Willemite.  301. 
Williamsite,  351. 
Wilsonite.  358. 
Winklerite.  372. 
Winkworthite,  882. 
Wiserine,  277.  864 
Wismuth,  (^ediegen,  S27. 
Wismuthglanz,  2S2. 
Wismuthocker,  284. 
Wismuthspath,  412. 
Witherite,  406. 
Wittichenite,  254 
Wocheinite.  281. 
Wahlerite,  300. 
Wolfachite,  247. 
Wolfram,  388. 
Wolframite,  883. 
Wollastonite.  291. 
Wollongongite,  416;  4Sa 
Wood-opal,  289. 
Wood  tin,  275. 
Woodwardite,  897. 
W5rthite.  832. 
Wulfenite,  884;  440. 
Wttrfelerz,  376. 
Wurtzite,  242,  426. 

Xantholite.  437. 
Xanthophyllite,  858;  44a 
Xanthosiderite,  281. 
Xenotime,  364;  440. 
Xyloretinite,  415. 

Yenite,  309. 
Youngite,  440. 
Yttergranat,  308. 
Ytterspath,  864. 
Yttrium  phosphate,  864 
Yttrocerite,  264 
Yttrogummite,  428. 
YttrotanUlite,  861,  862. 
Yttrotitanite,  386. 

Zaratite,  410. 
Zeolite  section.  842. 
Zepharovichite,  876. 
Zeunerite,  879. 
Ziegelerz.  266. 
Zietrisikite,  414 
Zinc,  Native,  226. 
Zinc  aluminate.  272. 

arsenate,  373. 

blende,  287. 

bloom,  V.  Hydrozincite^ 

carbonate,  404,  410. 
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Zino  ore.  Red,  266. 
oxide,  266,  278. 
silicate,  301.  339 


Zinkblathe,  410.  [  Zippeite,  397. 

Zinkenite,  250.  '  Zircon,  «04;  440. 
Zinkspath.  404.  Zoisite.  808. 

sulphate,  895,  440.  ,  Zinnerz,  Zinnstein,  275.  ZOblitzite,  851. 

sulphide,  287.  242.  i  Zinnkies,  245.  Zonochlorite,  340. 

Zincaluminite,  440.  Zinnober.  240.  '  Zorgite,  287. 

Zincite,  .^^66.  1  Zinnwaldite,  v.  Lepidolite.        Zwieselite,  869. 


